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RANKING OF AIR FORCK HEATING PLANTS RELATIVE TO
THE ECONOMIC BENEFIT OF COAL UTILIZATION

F. P. Griffin R. S. Holcomb
J. F. Thomas J. H. Young

ABSTRACT

The Defenye Appropriations Act of 1986 rvequires the
Department of Defense to use an additional 1.6 million tons
of coal per ycar at their U.S. ktacilities by 1995. It also
states that the most economical fuel should be used at each
facility. To comply with cthis act, the United ates Air
Force requested Oak Ridge National Laboratory to evaluate the
feasibility and cconomics of using coal at Air Force heating
plants that curvently burn natura)l gas and/or oil. A life-
cycle cost analysis of 16 heating plancts was performed, and
the results were used to rvank the facilities fcom best to
worst according to their potential for economical utilization
of coal. As many as 12 different coal combustion technolo-
gies were analyzed at each Air Force site. Also, two Lypes
of financing and three levels of fuel escalation were exam-
incd in the analysis for a total of six economic scenarios.
The heating plents at Acrnold, Kelly, Grand Forks, Minot,
Robins, Plattsburgh, and McGuire Air Force bases were consis-
tently identified as the top sevan facilities for coal con-
version, but che actual amount of cost savings will be
strongly dependent on future fuel escalation rr es.

1. EXECUTIVE SUMMARY

1.1 BACKGROUND

The Defense Appropriations Act of 1986 (PL 99-190 Section 8110)
requires the U.S. Nepartment of Defense (DOD) to use an additional
1,600,000 short toms per year of coal at their U.S. facilities by 1995.
It also states that the most economical fuel should be used at each
facility. To comply with this act, the United States Air Force re-
quested Oak Ridge National Laboratory (ORNL) to evaluate the fea ility
and economics of replacing gas- and/or oil-firing at Air Forez heating

plants with coal-firing.




In a previous study by ORNL,! commercial and near-commercial coal=
burning technologies appiicable Lo conversion of Air Force ftacilitiues
vere reviewed., The capital, operating, and maintenance costs for these
coal technologies were estimated genecrically for typical heating plant
installations, trom which cost equations were formulated and put into a
cost-estimating computer model for use in subsequent tasks. For com=
parison, the computer model also included cost estimates for gas- and
oil-fired boilers.

In a second study by ORNL,? Air Force installations that curvently
burn significant quantities of gas and/or oil were reviewed to dectermine
a list of 15 to 20 candidate sites foc conversion to coal. Experience
has shown that small heating plunts (annual average fuel usage <30
MBtu/h) will be unable to burn coal economically in the near future.
Using this fuel-use criteria as a cutoff yoint, in conjunction with a
simple ecconomic analysis based on the use of uniform present worth
factors, a list was developed consisting of 16 Air Force sites that
could potentially use coal with a cost savings.

1.2 DESCRIPTION

In chis report, the 16 Air Force sites mentioned above were e<alu-
ated further to determine their relative pot-ntial for cost savings
through coal utilization. The types of projects examined were ones that
incorporate coal-firing to meet only the base load of a given heating
plant; it was assumed that gas and/or oil would continue to be used for
peaking and backup requirements. Commercial and near-commercial coal
combustion technologies were evaluated, including technologies for both
refitting and replacing existing boilers. As many as 12 coal technology
optiuons were considered for each Air Force site.

An economic analysis was performed using the cost-estimating com-
puter model that was developed during an earlier task of the project,
together with a newly developed life-cycle cost (LCC) computer model.
The economic results were evaluated by calculating a benefit/cost ratio
for each coal-conversion option at each site. In this study, the term
"benefit'" is used to refer to cost avoidance (i.e., the cost of con-

tinued operation of an existing system) rather than cost savings (i.e.,




the difference between the cost of an existing system and the cost of a
new system). The benefit/cost ratio is therefore defined as the LCC of
the portion of the existing gas— or oil-fired system that would be dis-
placed by coal, divided by the LCC of the new coal-fired system. The
16 Air Force sites were then rankad from best to worst according to the
benefit/cost ratios for the most cost-effective coal technology at each
site.

The LCC results were found to be very sensitive to the assumed fuel
escalation vates; therefore three separate escalation scenarios were
examined. These three escalation assumptions represent high, medium,
and low cases for escalation of gas and oil prices relative to coal
prices. The high fuel escalation case was developed from DOD guidelines
for energy-dependent economic analyses.3 These DOD escalators are based
directly on the Annual Energy Outlook 1986 report, published by the
Energy Information Administration (EIA) of the U.S. Department of Energy
(DOE) .4 The DOD fuel escalation scenario just described will be
referred to as the "nominal" case.

The second fuel escalation scenario was developed from the recently
published Annual Energy Outlook 1987 vreport.5 The 1987 projeztions for
fuel escalation are somewhat lower than the 1986 projections, and they
represent a medium fuel escalaticn scenario. This second set of escala-
tors is referred to as the "AEO 1987" fuel escaulators. A third escala-
tion scenario was also examined; simply assuming zero escalation of fuel
prices.

In addition to the three assumptions for fuei escalation, two types
of financing were examinad: Air Force-cwned and ~financed projects and
privately owned and financed projects. The combinations of fuel escala-
tion and type of financing produce six economic scenarios that have been
examined. Tables 1.1 and 1.2 summarize the ranking results for the most
cost-effective coal-conversion project (highest benefit/cosr ratio) at

each site.

1.3 RESULTS AND RECOMMEXDATIONS

Tables 1.1 snd 1.2 show that the three fuel escalation scenarios

have a very significant effect on the calculated benefit/cost ratios for




Table 1.1, Sumsery of Alr Force-{inanced project rusults
tur the most cost=cffectiva technology

YNominal® tuel  “AYXO 87" fuel Zaro fuel

escalation eszalation wscalation Prcj:clud
Base coal use
Benelic/ Benetic/ Banefic/
{118 Rank cost Rank cost Rank (tons/year)
ratio ratio ratio
Arnold 2,141 1 1.616 1 1ain 1 23,650
Kally 1.798 2 1,369 2 1.022 3 16,010
Hinot 1.74) h] 1.348 h] 1.018 4 12,180
Robins 1.7 & 1.330 3 1.003 ¢ 17,220
MeCuire 1.64) S 1.264 b 0.950 ? 13,220
Crand Forks 1.6J2 b 1.34% 4 1.057 2 13,500
Plattaburgh 1,362 7 1.281 ¢ 1.011 5 16,340
Pease? 1.540 $ 1,196 | K 1§ 10 13,060
Tinker 1.502 ] 1.131 il 0.840 14 45,600
Elmendort? 1.527 10 1.144 12 0.851 12 154,370
Hill 1.486 11 1,14} 14 0.048 1) 23,560
Scott 1.47) 12 1.141 1) 0.854 11 13,10
Dovar 1.434 1) 1.188 9 0.947 | } 12,470
Andrevs 1.431 14 1.18% 10 0.945 9 11,940
USAF Academy 1.))9 15 1.038 13 0.7% 16 24,990
Hanscom 1.267 14 1.0)$ 16 0.828 15 20,140

Total 433,110

ALLC results for Pease may be optimistic becouse of questionable
access to inexpunsive rail delivery for coal.

bLcC results fuc Elmendor! may be optimistic bacause of quastionable
availability of inexpensive coal,

Table 1.2. Summiry of privately financed project results
tor the moxt cost=eliective tachnolopy

“Newinal® fuel  MAEO B3I {uel 2ero fuel

qicalation escalation escalation
Base Benelic/ Benefinv/ Nenelic/

cost Rank cost Rank costL Fank

ratio ratio ratio
Arnold 1.946 1 1.468 1 1.077 1
Kelly 1.608 2 1.22) 2 0.909 (3
Rabins 1.586 3 1.212 4 0.911 5
Hinot 1.567 4 1.211 5 0.912 &
MeCuire 1.482 5 1.140 7 0.854 7
Crand Farks 1.474 [ 1.213 3 0.951 2
Plattsburih 1.425 7 1.168 6 0.918 3
Elmendor!? 1.386 8 1.0)% 11 0.767 1
Pease? 1.384 9 1.075 8 0.820 10
Tinker 1.304 10 0.979 12 0.711 14
Dover 1.295 11 1.073 9 0.851 8
Andrevs 1.287 12 1.066 10 0.846 9
Scott 1.263 13 0.978 13 0.729 13
Hill 1,252 14 0.961 14 0.710 15
Hanscum 1.168 15 0.954 15 0.760 12
USAF Acaduny 1.152 16 0.894 16 0.578 16

———— e e e

2LCC resnlls fur Elmendurt may be uplimistic because of
yuestivnuble availability of inexpensive coal.

biec results fur Pease may be optimistic because of
questionable access tu inexpensive rail delivery tor coal.




coal-conversion projects. There i3 much uncertainty associated with
future fuel prices, and caution should be used when intecpreting the
vresults. A large numbec of projects appear to be sconomically viable
when che DOD fuel escalators ("nominal" case) are used, and only a small
number appear economical if zero Luel escalation is assumed. There are
no profound differences observed belween the Air Force~ and private-~
financing cases; the benefit/cost ratios are only slightly higher for
Alr Force [inancing.

Although the fuel escalation assumptions can greatly affect the
benefic/cost catios, some consistency is obsecrved regarding the ranking
of the Air Force sites. Arnold is consistently ranked [irst for all six
economic scenarios in Tables 1.1 and 1.2. The sites ranked 2 through 7
include Kelly, Grand Forks, Minot, Robins, Platisburgh, and McGuire,
although their respective order changes. These seven sites are recom—
mended as the leading candidates for project implementation,

The potential coal usage listed in Table 1.1 shows that, with the
possible exception of Elmendorf, a relatively small amount of coal would
be used by any individual project when compared to the DOD target of
1,600,000 tons/yeac. Projects at the top seven Air Force bases would
consume only about 112,000 rons/year. Other types of projects that
would use greater amounts of coal, such as cogeneration or increasing
heating loads thrcough distribution system extensions, should be exam-
ined.

Noneconomic factors such as Air Force energy security, aesthetics,
and possible ¢ffects on base missions have not been considered up to
this point. Obviously, these types of considerations must be faclored

into future decision-making processes.




2. INTRODUCTION

ORNL is supporting the Air Force Coal Utilization/Conversion Pro-
gram by providing the Air Force Engineering and Services Center (AFESC)
with a defensible plan to meet the provisions of the Defense Appropria-
tions Act of 1986 (PL 99-190 Section 8110). This Act directs the Air
Force to implement the rehabilitation and conversion of Air Force cen-
tral heating plants [either steam or high-temperature hot water (HTHW)]
from natural gas- and/or oil-firing to coal-firing, if a cost savings
can be vealized. This directive applies to Air Force installations in
the contiguous 48 states and Alaska.

2.] RELATED WORK

ORNL has been invelved in the Air Force Coal Utilization/Conversion
Program since 1986. In a previous report by ORNL for AFESC,! the full
range of commercial and near-commercial coal-burning technologies appli-
cable to the conversion of Air Force central heating plants was re-
viewed. General descriptions and characterization of each technology
are presented including the degree of commercialization or development,
combustion efficiency, environmental performance, applications, and
limitations. The capital and operating costs for these technologies
have been estimated for generic or typical heating plant installations.
These cost estimates were formulated into algorichms and put into a
spreadsheet computer program for use in subsequent studies.

In another report by ORNL,2 Air Force installations currently
burning significant quantities of gas and/or oil were reviewed. This
previcus report was a screening study to find the ingtallations most
suitable for coal use. Heating plants at 16 installations were id2nti-
fied as having enough potential for coal utilization with an economic
benefit to warrant further analysis. The 16 Air Force bases previously
identified are considered further in this report. More details of the
previous screening study are explained in Chap. 3.

A complementary study for AFESC was completed recently by ORI Inc.
and C. H. CGuernsey and Co.6 That study examined central heating plants

at 34 selected Air Force bases. Leading candidate heating plants were




identified for a few specific coal-conversion scenarins. Those sce-
narios fit into two categories: (1) complete conversion of the existing
steam/HTHW systems to stoker coal-firing by boiler conversion or
replacement, and (2) building coal-fired cogeneration syitems sized to
meet peak electric loads. Stoker-firing was the only coal technology
considered in the ORI Inc./C. H. Guernsey and Co. report,

2.2 PURPOSE

The primary objective of this study is to establish a priority list
of Mr Force sites with the best potential for cost-sffegtive coal
utilizacion. A small number of installations are identified as leading
sites for coal-utilization project implementation,

The analysis work provides a quantitative ranking of the heating
plants at each site according to the economic benefit of coal utiliza-
tion. In order to accomplish this ranking, a wide variety of coal-burn-
ing technologies have been evaluated in this study. UHeating plant con-—
version may include altevation of existing boilers with the addition of
certain equipment to allow coal-firing, or adding a new cocai-fired
boiler system to the heating plant. Cogeneration of heat and elettric-

ity will be considered in a separate report.

2.3 METHOD

Available information about Air Force central heaking plants has
been collected and organized to examine conversion to coal-firing.
Emphasiy was put on determining steam/HTHW loads, electric loads, exist-
ing boiler design and condition, current fuel costs, local environmestal
regulations, and site-specific factors that will affect converszion
project costs and technology selection. The 16 candidate heating plants
identified in the previous screening study? were examined more clowely,
and LCC economic analyses were performed for each heating plant. %he
plants were then ranked according to the results of the economic analy-
ses.

A variety of coal technology options were examined for each site.

These technology options are described in a previous ORNL report! and




discussed very briefly later in this report. A computer model was
developed to generate itemized costs for each coal-burning technology
based on project size, capacity facior, fuel costs, coal specifications,
50, removal requirements, eclectricity costs, and other variables. Cost
estimates can be generated for as many as seven boiler refit technolo-
gies and six types of veplecement bLoilers. For comparison, the cost of
continued operation of the existing gas—/ril-fired system that would be
replaced by coal-firing is also calculated. The cust of the gas/oil
system represents the expenditures that can be avoided by switching to
coal.

For each Air Force site, conversion project specifications, such as
steam/HTHW output capacity and type of coal technology, were selected on
the basis of economics and site-specific limitations. Because high
capacily factors acre generally cequired for coal systems to be economi-
cal, the typical vesult is that only a portion of the maximum steam/HTHW
load should be met with coal-firing, while the remaining steam/HTHW load
should be met with gas/oil peaking units. This is a notable contrast to
the ORI Inc./C. H. Cuernsey and Co. report, which used the assumptions
of 100Z coal-firing capability for all heating plant conversions and
stoker~-firing as the only technology option.

Two types of project fEinancing are analyzed in this report. One
scenario represents an Air Force-owned project using Military Construc-
tion Program (MCP) funds, and the other scenario assumes that a private
company builds, owns, and operates the heating plant. The economic
assumptions and their effects on the results are discussed in Chaps. 5
and 6.

2.4 LIMITATIONS

This study has certain limitations relating to site and fuel cost
data. Some of the site~specific information is either unknown or incom-
plete, and therefore some of the project options and possible problems
are unknown. Detailed architectural, engineering, and environmental
studies will be required before implementing an actual project.

Another condition that cannot be predicted accurately is future

changes in fuel prices. This is an especially important consideration




in this study because it is likely that coal, gas, and oil prices will
all escalate at different rates. Fuel prices greatly affect the LCCs of
the existing gas/oil systems as well as all of vhe potential coal-con-
version projects. The LCC estimates must be updated as fuel price
conditions change.

Despite some iimitations, the cost-estimation and economic analyses
described in this report have provided an effective way to identify and
rank Air Force central heating plants that have the best potential for
coal utilization., The information presented in this report can be used
for future studies leading to actual project implementation at selected

heating plants.
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3. PREVIOUS HEATING PLANT SCREENING STUDY

A previous veport? was aimed at narrowing the number of gas- an ¢
oil=-burning Air Forece facilities to be conaidered as viable coal-utili-
zation candidates. ORNL reviewed and analyzed data pertaining to gas—
and/or oil-fired central heating plants and documented the results in
that ceport. The objective of the screening study was to develop a list
of the 15 to 20 Air Force sites wicth the best potential for conversion
to coal.

3.1 SOURCES OF INFORMATION

Reliable information characterizing the Air Force heating plancs
was necessary tco accomplish the objectives of the previous screening
study. The information nceded for each Air Force base included current
fuel use, heating load profile, fuel prices, possible cocsl delivery
methods, boiler design and condition, status and condition of peripheral
equipment, 1d electric power consumption and price.

ORI Inc. and C. H. Guernsey and Co. report. A major source of

information was the report entitled Alr Forece Coal Conversion Phase III
Discovery and Fact Flading Scudy by ORI Inc. and C. H. Cuernsey and
Co.6 In chat report, 34 Air Force bases were examined by using ques—
tionnaires, telephone contacts, and personal visits to gather informa-
tion needed to assess coal use at the central heating plants, Other
sources of information, such as previous Air Force assessments, were
also used to supplement those efforts to obtain information. This study
was particularly helpful because current gas, oil, and electricity
prices were obtained, as well as load information, heating plant capac-
ity-rating data, and other up-to-date information.

MFBI survey. Useful information concerning many important Air
Force heating plants was found in the results of a 1980 inventory of Air
Force boilers larger than 10 MBtu/h output capacity. This inventory was
part of the Federal Facilities Power Plant and Major Fuel Burning
Installation Survey (MFBI Survey) requested by DOE by suthority of the
Power Plant and Industrial Fuel Use Act of 1978.
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Much inforination thet is useful for analysis of the centcal heating
plants was included in this HFBI Survey. The major drawbacks were that
some Air Force base surveys were incomplere or contained conflicting
information. The MFBI Survey information is dated, and a few heating
plants have been upgraded or the heating ioads have changed somevhat in
the interim.

Other sources. Several other sources of information were also

utilitized for the previous sereening study, including contscts with
knowledgeable individvals, applicable Defense Energy Information System
(DEXS) data, several internal studies of Air Force heating plants, and a
boiler data base developed by the U.S. Army's Construction Engineering
Research Laboratory from Hartford Steam Boiler Co. data. This data base
was helpful in cross-checking the existerce and capacity ratings of
individual boilers, The internal Air Force studies provided 1985 and
1986 load information (steam/HTHW and electric) for selected Air Force

bases.

3.2 SELECTION OF CANDIDATE AIR FORCE SITES

3.2.1 Fuel-lse Criteria

In the previous screening study, a list was made of Air Force gas-—
and/or oil-burning heating plants identified as significant fuel users.
Information pertaining to these heating plants was then examined more
closeiy. Large plants were sought because coal utilization is much more
competitive at large sizes. Favorable economics for coal use depends on
displacing large amounts of gas and/or oil with coal. Furthermore,
capiral, operating, and maintenance costs for coal-fired boiler equip-
ment have less impact on total costs as the size of the boiler increases
(see discussion of econcmy of scale in Sect. 5.2.1).

A list was developed identifying 26 heating plants at 24 Air Force
facilities that have a reported annual fuel use >260 BBtu (annucl
averege fuel consumption >30 MBtu/h}. Based un experience, it was
judged that facilities using less energy than this cutoff point could
not be viable candidates for coal use in the near term. All heating

plants for which at least one source of data indicated a fuel use >260
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BBtu/year ara included in Table 2.}. Note that two heating plants are
treated as a single system at As ;rewe Air Force Base (AFB) because they
feed into &z common distribution system.

3.2.2 Uniform Present Worth Economic Analysis

In cthe previous screening study, a relatively simple economic
analysis was used to identify where coal would be economically competri-
tive with the curcent fuel being used. This process allowed the elimi-
nation of ten additional heating plante from further considecation by
verifying that they were very poor candidates for coal usa. In this
way, the study identified 16 gas—- and/or oil-fired heating plants =t 16
Air Force bases that should be investigated further to determine their
potential for coal utilization.

The previous economic analysis was not as sophisticated or detailed
as the one presented later in this report. In the previous analysis,
the annual fuel, operating, and maintenance costs were multiplied by a
uniform present worth (UPW) factor to determine their present values.
The assumption was made that these series of annual costs would remain
uniform over the life of the project. Projects were chosen for each
heating plant based on conversion of only a portion of the plant to
coal-firing; one or two boilers at each heating plant were assumed to be
refitted for coal-firing or replaced with new coal-fired voilers. Each
project was optimized to be near the most cost-effective size. The
cost~estimation and economic assumptions used in the UPR analysis are
listed in Table 3.2. The economic assumptions resulted in a UPW factor
of 9.427. )

The capital investment requirements, operating and maintenance
(0&M) costs, and fiel costs for each simulated project were estimated in
the previous screening study with the aid of a cost-estimation computer
model. This model has been reused in this ranking study, but different
values are used for the input parameters to reflect new information
about the Air Force bases. The cost-estimation model is described in
Sect. 5.1 of this report.

Each heating plant was eveluated according to the economic benefit

of conversion to coal. Those plants that showed the least promise for
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Table 3.2, Cost and economic paramecers used
in the UPW analysis

Cost~estimating assumptions

Price of stoker coal §) .75/HBeu

Price of run-of-mine coal $1.50/HBtu

Price of coal/watac slurry $3.00/HBtu

Price of coal/oil slurcy $3.50/HBtu

Price of natural gas Local price

Price of No. 2 distillate cil $4.71/4Bcu ($0.65/gal)
Price of No. 6 residual cil $3.67/MBtu (50.55/gal)
Labor rate $35,000/man-year

Ash disposal price $10/ton

Eleetric price, $/kHh Local price

No active 50, removal required

Economic assumptions

Aixr Force-owned and ~operated project

Economic life is 30 years

Real discount rate is 10X

UPW factor applied to fuel and O&M costs is 9.427

All capital is invested ar the beginning of the project
No salvage value alcer 30 years

No local property taxes and insurance

No real escalation of fuel and O&H coscs

Ceneral inflation effects are negligible

being candidates from an economic standpoint were reviewed further by
considering annual fuel use, annual electric use, and electric price
(cogeneration possibilities). For McClellan, the strict California
environmental regulations were also considered. Using this information
to make judgements, the heating plants at McClellan, Keesler, Lowry,
Maxwell, Charlesten, HcChord, Whiteman, and Wurtsmith were eliminated
along with plant No. 825 at Hill and plant No. 208 act Tinker. Hill and
Tinker have larger heating plants remaining in the list.

The results of the screening study produced a list of 16 heating
plants at 16 Air Force bases to be given further consideration. Each of
the remaining sites has a single heating plant that may be a viable

candidate for a conversion project, with the exception of the two plants
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at Andrews that are ctreated as a single system because they are con-
tected to a common distribution system, The relative potential for coal

utilizacion at these 16 Air Ferce installations is the subject of the
remainder of this repart.
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4. NEW INFORMATION FOR 16 CANDIDATE AIR FORCE SITES

This chapter describes the efforts since the heating plant screen-
ing study was completed. It was deemed necessary to produce a more
in-depth analysis of the remaining 16 Air Force sites to accurately rank
them according to the economic benefit of coal utilization. Many of the
differences between the previous screening study and this curvrent rank-

ing effort are highlighted in this chapter.

4.1 LOCAL COAL PRICES AND PROPERTIES

It is important to understand the prices and characteristics of the
coals available at each prospective site. To obtain such information, a
large number of coal suppliers and transportation companies were con-—
tacted. Information was requested for both stoker-grade and run-of-mine
(ROM) coals.

Each request to coal suppliers asked for the mine mouth price (more
precisely, the price of coal brought to a specific rail or truck loading
point) and the following characteristics for each coal: higher heating
value; content of ash, sulfur, nitrogen, and fines; Lop and bottom size;
ash-softening temperature; swelling index; and grindability index. The
transportation costs were estimated by the coal supplier and/or the
railroad companies that would be involve¢. Generally, rail delivery is
cheaper when the delivery distance is significant (>200 miles). When
rail shipment was not possible or inapproupriate, truck delivery rates
were estimated.

The use of locally available coal properties and prices in this
study represents a significant improvement over the previous screening
study, which assumed uniform coal prices of $1.50/MBtu for ROM coal and
$1.75/MBtu for stoker ccal. The coal properties and prices that were

used for each Air Force site ara summarized in the Appendix.

4.2 LOCAL ENVIRONMENTAL BREGULATIONS

To understand %the environmental control requirements for each Air

Force site under consideration, the appropriate state agencies were
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contacted. Most of the 15 states contacted sent copies of the latest
regulations and other helpful material. Another highly utilized source
vas the Bnvironmental Reporter,? which publishes state environmental
regulations.

Federal environmental regulations appliceble to fossil~fuel~burning
installations were also reviewed. Generally, the federal vcegulations
only apply to coal-burning systems with fuel input capacities >100
MBtu/h. However, if the site is located in, or near, a zone ruled to be
in noncompliance with ambient SO,, NO,, or particulate standards, spe-
cial federal regulations can apply cegardless of size. Information to
determine if a given Alr Force base is within a noncompliance zone was
available from other ORNL studies.

In the previous screening study, the cests of SO, or NO,, reduction
were not included in the analysis, although particulate removal costs
were included in all cases {baghouses were assumed necessary). The
appropriate environmental regulations have been taken into consideration
in this ranking study. For most sites it was found that when the fuel
input capacity is beiow 100 MBtu/h, cthere are either no S0, emission
regulations or low-sulfur coal will be sufficient to meet the S0, regu-
lations. Furthermore, current coal combustion technology will achieve
sufficient NO, control in most cases. The effect that environmental

regulations have in each specific case is discussed in the Appendix.

4.3 OTHER SITE-SPECIFIC INFORMATION

Other site-specific information not considered in the previous
screening study has been included in this study. This is the result of
more information being obtained and also implementation of a more de-
tailed analysis. The availability of FY 1986 fuel-use data led to the
revision of the expected capazity factors for some heating plants. The

expected capacity factor is a key parameter when calculating the LCC of

a coal-utilization project. Another source of information was from a
separate effort at ORNL concerning energy security at Air Force instal-

lations.8 Also, a draft copy of the information ir the Appendix of this
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report has been sent to the appropriate major command (MAJCOM) head-
querters for their review and comments. Their written and verbal
responses contained new and updated information for some of the bases.

Some Air Force sites currently have no room for a coal pile on the
base or perhaps only have sufficient space at a site remote from the
central heating facility. This affects the type of coal technologies
that can be used at the site. Another space problem that can occur is
wiv. there is very little room near the existing boilers bkecause of the
presence of other equipment and other buildings. If a space shortage is
severe enough, the refit technologies that require large picces of
equipment to be located near the existing boiler will be penalized or
eliminated. Such space shortages were not accounted for in the previous
report but are considered in this study.

The site-specific considerations that affect the economic analysis
of each heating plant are described in the information summariey pro-

vided in the Appendix for each of the 16 Air Force sites.
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5. DESCRIPTION OF COST-ESTIMATION AND ECONOMIC ANALYSES

5.1 COMPUTER MODEL FOR HEATING PLANT COST ESTIMATION

5.1.1 Description and Purpose

In a previous study by ORNL for the Air Force,! coal combustion
technologies found to be applicable to Air Force central heating plants
were reviewed and evaluated. As a part of that previous work, O&M and
capital cost equations were developed for the many coal technology
options that could be employed at a heating plant. O&H cost equations
for firing gas or oil at a central heating plant were also developed for
comparison. A computer model, based on these cost equations, was de-
veloped to estimate heating plant costs for each of 13 different coal
technology options and for gas—- and oil-firing. The costs generated forx
the coal technology options can be compared with each other and with the
costs of continued firing of gas or oil. A much more detailed discus-—
sion of the development of the heating plant cost-estimating equations
can be found in the previous report prepared for the Air Force Engineexr—
ing and Services Center.!

The 13 coal-utilizing technologies included in the cost-estimating

model are divided into the following two categories:

Refit technologies Replacement boilers
Micronized coal-firing Packaged shell stoker
Slagging pulverized coal burner Packaged shell FBC*
Modular FBC add-on unit Field-erected stoker
Return to stoker-firing Field-erected FBC
Coal/water slurry Pulverized coal boiler
Coal/oil slurry Circulating FBC

Low-Btu gasifier

The refit technologies reuse as much of the existing boiler equip-

ment as possible. In a micronized coal system, the coal is pulverized

*FBC — fluidized~bed combustor.
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to a size much smaller than ordinary pulverized coal, and it is burned
directly in the existing boiler. In a slagging system, pulvecrized coal
is burned in a small, high-temperature, cyclone burner that is connected
to the existing boiler. In a modular FBC system, part of the stcam/HTHW
is generated in an add-on bubbling FBC unit, and the existing boiler is
used as a waste heat reccovery unit. The return to scoker-firing option
can only be considered if the existing boiler was originally designed
for stoker coal. In slurcry systems, the coal/water and coal/oil mix-
tures are burned directly in the existing boiler. In a gasificr system,
stoker coal is gasified wich air in an add-on unit and the hut, low-Btu
gas is burned in the existing boiler.

The rveplacement boilars reuse only the existing water treatment
system and the sceam/HTHW distribuation system. For the stoker and
bubbling FBC systems, both packsged and £field-erected unils have been
examined. The packaged units are factory-built, shell (fire-tube)
boilers that are small enough to be shipped by vail. The field-erected
units are larger, water-tube boilers. For the pulverized coa! and cir-
cuiating FBC systems, only field-erccted, water-tube boilers have been
examined.

The costs of emission control systems for particulates, NO,, and
50, are included in the cost-estimating model. All 13 coal technologies
are assumed to require baghouses to meet the particulate emission regu-
lactions. Particulate control beyond cyclone-type devices is required
virtually everywhere in the United States, and baghouses are judged to
be the most cost-effective and appropriate technology. NO, emissions
are assumed to be controlled with conventional combustion control sys-
tems for all coal technologies. The need for active SO, removal systems
varies from location to location, and the type of SO, control system
required depends on the coal technology. Costs associated with S50,
control can be included or excluded in the cost-estimating model on a
case-by~-case basis. The assumptions about S0, control systems are
discussed later in Sect. 5.1.3.

The computer model consists of two corresponding spreadsheets for
each of the 13 coal technologies, one for estimating the capital invest~

ment and another for estimating O&M costs. Each spreadsheet calculates
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an itemized cost table, such as the examples shown in Tables 5.1 and
5.2. The purpose of using this itemized cost table format is to gener-
ate very consistent and comparable cost estimates fLor each technology
considered.  Any calculated project cogts can easily be examined in
detail. The personal computer sofiware package used to develop the
costing program is Framework IX, by Ashton-Tate Corp.

5.1.2 Basis of Costs

The cost-estimating algorithms are based on recent cost studies,
vendor and user information, and applicable reported costs of coal-based
projects. The cost equations for commercialiszed technologies were

developed from a literature review and extensive previous work at ORNL.

Table 5.1. Example capital invesiment cost
spreadshect for micronized coal

Technology: MICRONIZED Size (MBtu/hr)
COAL BURNER - REFIT TO Output steam = 72.00
EXYSTING BOILER No. of units = }
20-200 HBTU/UR Output/unit = 72

Multiple unit multiplier = 1

SCALING
ITEM FACTOR COSTS IN kS

Site work & foundutionn 50 24.
Boiler modifications .50 12.
Scot blowers .60 0.
TAS micronized comb. system .52 176.
Boiler house modification .50 24,
Fuel handling & storage .40 781.
No bottom ash system 0.
Ash handling 40 298.
Electrical .80 100.
Baghouse .80 520.
Subtotal 1935.
Indirects (30%) 581.
Contingency (20%) 503.
Total for each unit 3019.

Crand total 3019.
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Table 5.2. Example operating and maintenance
cost spreadsheet for micronized coal

Technology: MICRONIZED COAL BURNER REFIT TO EXISTING BOXLER
SIZE 10-200 HBTU/HR

Total output (MBtu/hr) = 72.00 COAL, LIMESTONE, ASH

Number of units converted = 1 Ash fraction = .10
Unit output (HBru/hr) = 72.00 S fraction = ,015
Fuel to steam efficiency = .80 HHV (Btu/lb) = 12000.00
Capacity factor = .72 Ton coal/yr = 23652.00
Ash disposal price(§/ton) = 10.00 Ca/S ratio = .00
Electric price{cents/k&h) = 4.50 Inert fraction = .05
Labor rate (k$/yr) = 35.00 Ton sorbent/yr = .0
Limestone price ($/ton) = 20.00  Waste/sorbent = .858
Ton ash/yr = 2365.2
SCALING
CATEGORY FACTOR COST IN k$
Direct manpower (f£) .18 557.9
Repair labor § materials (i) .36 374.3
Electricicy (f) 1.00 36.2
Electricity inc. baghse (v) 1.00 74.1
Baghouse (f) .36 29.8
Limestone (v) 1.00 .0
Ash disposal (v) 1.00 23.7
Nonfuel O&H total 1095.92

A large amount of information concerning coal-, gas-, and oil-fired sys-
tems can be found in a report published by the U.S. Army Corps of Engi-
neers, Construction Engineering Research Laboratory,? which includes
background information and cost ecquations developed by ORNL for a
variety of coal-based systems and other energy technologies.

Cost data for technologies that are ‘''emerging" or not yet com-
mercialized are either unreliable or unavailable. Therefore, costs of
such systems wuere developed by reviewing each emerging technology and
comparing with conventional coal technologies. When comparing these
technologies, several cost items (equipment, maintenance, manpower) will
often be identical or very similar. The differences between technolo-
gies have been explored to develop cost estimates that are consistent
and comparable. Costs for certain items were developed through contact
with and visits to vendors and users. Actual prices and costs were

obtained (rather than budgetary estimates) whenever possible. More

[
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information concerning the development of the cost equations can be
found in Refs. 1 and 9.

5.1.3 Option{ and Input Parameters

A list of input parameters for the cost-estimating model is given

in Table 5.3. Numerical values are given for those parameters t at are

Table 5.3. Input parameters for calculation of project costs

Project definition paramcters

1. Total project heat output capacity, MBru/h Variable
2. New boiler system expected capacity factor, X Variable
3. Number of existing units to be refit, Variable
integer namber
4. S0, contrcl option, on/off switch Variable
5. Soot blower option, on/off switch Variable
- 6. ‘Tube-bank modification option, on/off switch Variable
7. Bottom ash pit option, on/off switch Variable

0&M cost parameters

8. Hydrated lime price, $/ton 41.60
9, Ash disposal price, $/ton 10.40
10. Electric price, ¢/kWh Variable
11. Labor rate, $K/(man-year) 36.40
12. Limestone price, $/ton 20.80

Feel prices

13. Hatural gasz, $/MBcu Variable
14. No. 2 oil, $/MBtu 4.7 ($0.65/gal)
1>. MNo. 6 oil, $/MBtu 3.67 ($0.55/gal)
16. ROM coal, §/MBtu Variable
17. Stoker coal, $/MBru Variable

. 18. Coal/water mixture, §$/MBru 1.00

Coal properties

. 19. Ash fraction Variable
20. Sulfur fraction Variable
21, HHv, Btu/lb Variable

Limestone/lime properties

22, 1lnert frzction 0.050
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assumed to have fixed values. The numerical values of the other parame-
ters vary from site to site as is discussed later in Sect. 6.1.1, These

input parameters and vaciables are defined in this section.

Project size. Three important input variables are used to define
the project size. The project thermal output capacity (size) must be
specified, and che expected capacity factor for the new coal-fired
system is associated with a given output capacity. The way that output
capacity and expected capacity factor were detecmined in this study is
explained in Sect. 5.2.1. Inherent to choosing the capacity of any
project involving refit cechnologies is the number of existing boilers
to be converted to coal-firing. These threec variables (numbered 1-3 in
Table 5.3) are project specific and must be uniquely determined for each
case.

50, control. Based on the applicable regulations at each site, for
each project it must be determined if the available coals can be burned
without using special SO, control mwethods. SO, emissions will be con-
trolled passively if an inexpensive low-sulfur coal is available. How-
ever, when active S0, removal is needed, an “on/off switch" input vari-
able can be turned on to add costs for SO, control to all coal com-
bustion technologies. This includes added costs for capital equipment,
lime or limestone, laber, eclectricity, etc. The active S0, removal
techniques assumed in the computer model are limestone injection for
micronized coal-firing, slagging combustors, and the two slurry tech-
nologies; limestone addition for all fluidized-bed combustion tech-
nologies; lime spray-dry flue gas scrubber systems for all stoker and
pulverized coal ctechnologies; and chemical M,S scripping from coal
gasification product gas.

Existing boiler modifications. Some refit technologies require up

to three types of modifications to the existing boilers: addition of
soot blowers, adding a bottom ash pit (ash removal) system, and boiler
heat transfer tube-bank modifications. The decision of when to include
these modifications is a function of the design of the existing boilers
and the type of coal-utilization technology employed. The procedure
used for adding the costs of the three boiler modifications is illus-
trated in Tables 5.4 and 5.5 and described below.. Also, background

information for this decision-making process can be found in Ref. 1.
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Table 5.4. Usual positions of boiler
modification switches

Existing Seot Tube-bank Bottom
boiler blower modificatica ash pic
design option option option

Coal off off On
Residusl oi) Off On On
Distillate oil 0o On On

Table 5.5. Cnal refit zechnologies affected when
boiler modification switches are turned on

Soot Tube~bank Bo;cogt
Coal refit technology blowers modification ¥ cpx
added included system
added
HMicronized coal-firing Yes No No
Slagging pulverized coal combustor Yes No Yes
Hodular {luidized-bed unit Yes No Yes
Return to stoker-[iring No No Yes
Coal/water slurry-tiring Yes Yes fes
Coal/oil slurry-firing Yes Yes Yes
Coal gasification No No No

The computer model has three on/off switch variabled (numbered 5-7
in Table 5.3) that control vhether or not the costs of s particular
beiler modification are included in the total costs. Table 5.4 shous
how the switch positions are usually selected as a function of the
boiler design. For example, if an existing boiler was designed for
residual 0¢il, it is normally assumed thot the boiler already has soot
blowers, but requires tube-bank modifications and the addition of an ash
pit. Deviations from these usual svitch positions are sometimes neces-
sary based on more detailed information pertaining to a given boiler.

When the boiler modification switches are turned on, the appro-
priste costs are automatically added by the computer model to some, but

not all, of the refit technologies. Table 5.5 illustrates which coal
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refit technologies are affected by cthe three boiler modification
suitches. For example, vhen a bottom ash pit must be added, costs are
added to all of the refit cechnologies except micronized coal-firing and
coal gasification.

0&H cost parameters. A number of parameters that affect nonfuel

OtH costs are inputs to the cost-estimating computer model. Table 5.3
gives the values used for limestone price, lime price, ash disposal
price, and labor rate. The values of cthese four parameters were fixed
throughout this study and include a 42X adjustment £rom 1987 to 1988
dollars. The assumption nf a uniform labor rate in the United States
may be somewhat simplified, but more detailed information was not avail-
able. Locally reported values werz used for price of electricity at each
Air Force base.

Fuel prices. The values for fuel prices (numbered 13-18 in
Table 5.3) must be specified in current dollazs. These current prices
may escalate with time; different escalation scenarios can be modeled by
the LCC computer program. The current prices used for No. 2 and No. 6
oils were assumed to be uniform in all regions of the country and equal
to the DOD stock fund prices. It is assumed that the higher heating
value (HHV) of No. 2 oil is 138,000 Btu/gal and the HHV of No. & oil is
150,000 Btu/gal. For lack of better information, a uniform price was
also used for coal/water slurry. The cost of coal/water slurry would no
doubt have regional variations, but such varistions cannot really be

known at this time. Any price used for slurry fuels is questionable.

Local prices that vary from region to region were used for natural
gas, ROM coal, and stoker coal. Cas prices reflect recent reported
costs from the Air Force bases under consideration. Coal prices were
determined from the study described in Sect. 4.1. The prices used were
for the lowest-cost ROM and stoker coals with acceptable properties.

Coal and lirestone properties. Coal properties were taken from the

coal selection study described in Sect. 4.1, The properties used were
for the lowest-cost ROM and stoker coals with acceptable characteris-
tics. The inert fraction of limestone and lime (caused by impurities)

was specified as a single value equal to 5% by weight, It was also
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assumed that lime would be hydrated with one water molecule per calcium

atom.

5.Z COAL-UTILYIZATION PROJECT ASSUMPTIONS

A ¢« 2r of choices must be made to define the scope of a coal-
utilization project at a given heating plant. Section 5.1.3 already has
touched on some of these choices by defining the computer input parame-
ters and vaciables for the cost-estimation model. The assumptions
involved in selecting actual values for some of these input variables
are discussed further in this section. The procedure for choosing the
size of a coal project is explained in Sest. 5.2.1, and the method for
selecting applicable 2o0al technologies at each site jis explained in
Sect. 5.2.2.

5.2.1 Steam/HTHW Output Capacity

When examining coal-utilization projects at a particular heating
plant, it is desirable to find the optimum (most economical) size for
the coal-firing equipment. ‘The eize of a coal project is defined here
as the design steam/HTHW output capacity in MBtu/h. To understand how
the steam/HTHW output capacity was selected for the coal-fired systems
at each Air Force base, it is helpful to examine the trade-offs in-
volved.

When compared to gas-/oil-fired boilers, coal systems require much

higher capital investments and are more costly to operate and maintain.

A coal system can realize an overall cast savings only if coal 1is
sufficiently less expensive than gas or oil. A basic trade-off exiscs
between gas/oil systems with high fuel prices and coal systems with low
fuel prices but high capital and O&M costs. The optimum size of a coal-
conversion project is influenced by chis trade-off, which is discussed

below along with some other important considerations.

Economy of scale. The costs of coal-fired boilers are affected by
what is sometimes termed the "economy of sc-le.'" This means that as the
design capacity of a boiler or boiler plant is increased (without major

design changes), the accompanying capital investment required and annual
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084 costs also increase, but at a slower rate. The following values
illuscrate this principle:

Capital Nonfuel O&M
investment annual cost
(%) (s)
25,000-1b/h stoker hoiler 3,250,000 761,000
50,000-1b/h stoker boiler 4,900,000 934,000

These example cost cstimates are for single-boiler heating plants oper-
ating at 60X annual capacity factor and are for illustration only. Xt is
seen that doubling the boiler system size increases the costs but does
not double them. This economy of scale effect causes coal systems to be
less competitive for small applications and more competitive for large
applications, when compared to gas/oil systems.

Capacity factor vs size. The capacity factor is defined in this

report as the total amount of heat that a boiler produces in 1 year
divided by the total amount of heat that the boiler could produce if it
operated at its design output capacity (maximum continuous rating) for
the entirc year. The Air Force heating plants examined in this report
have capacity factors that renge from ~25% to 40X. These low capacity
factors are a result of redundancy built inco most of che central heat-
ing plants. Apparently this excess capacity ensures very high heating

source reliability, even at peak load conditions.

An important question that must be ansuwered is how much plant
capacity should be converted to coal-firing to achieve the best economic
results. The answer dcpends largely on the heating load profile of a
particular heating plant, but the general rule iz that only a small
portion of the piant should be converted. Any newly installed ccal-
fired equipment should be used as much as is practical to minimize the
effect of capital and O&M costs. All heating load that is not provided
by cual-firing should be supplied by the remaining gas- or oil-fired
equipment.

The principle of "diminishing returns" is at work here. As the

size of a proposed coal system is increased, the expected capacity
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factor for cthat system will decrease. For each incremental increase in
the output capacity of a coal system, the incremental savings of fuel
costs will decrease. Even with the economy of scale effect, a point is
reached where the additional capital and 084 costs of a larger coal
system are not offset by the potential fuel cost savings.

Accurate information about the load profile of an exiscting heating
plant is needed to dactermine the optimum size for a coal-conversion
project. The type ol information available for Air Force heating plants
1s shown in Fig. 5.1, which illustrates an example of monthly average
heating load. From this monthly avecage load data, "ideal" capacity
factors were calculated as a function of boiler output capacity, as is
shown in Fig. 5.2. These ideal capacity factors must be adjusted to
account for daily and hourly load fluctuations and cquipment repair
time. For this study, the ideal capacity factors calculared f{rom

monthly data were mulliplied by a [actor of 0.9. A small taole that

ORNL-DWG 894973 ETD
90
80.
=
70+
8"
< oy
2 ] f
9 ’ % ! [
g 50.‘ ey « i: -
E 1 B 10 o fe
Sof BT _
w7 1 N .
g 304 » “ .
Wb d 1 1A L
<207 | és PRERER?
104 " "':'6 ! ; - ' l'—l H
‘i I ¥ -
. ;
t
0 4
J J A

O N D J F M A
MONTH (starting with October)

S

Fig. 5.1. Illustration of monthly average heating load.
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Fig. 5.2, TIllustration of ideal capacity factor as a function of
hoiler output capacity.

lists expected capacity factor vs coal project size is included in each
Air Porce base information summary in the Appendix.

Size and design of existing boilers. One of the conclusions of the

previous heating plant screening study? was that the coal refit tech-
nologies tend to be more economical than the boiler replacement tech-
nologies. Because of that trend, the analysis in this ranking study
concentrated more on the refit technologies. The capacities of the
existing boilers at a heating plant therefore had a strong influence on
the selection of output capacity. Only one or two of the existing
boilers would generally be chosen for conversion to coal-firing. This
obviously limited the selection of possible output capacities to dis-
crete steps.

The design of the existing boilers also influenced the. selection of
output capacity. If the existing boilers were originally designed for

either coal or residual (No. 6) oil, it was assumed that the boilers
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have enough volume in the furnace to operate at their full design capac-—
ity with any of the coal refit technologies, if the boilers are modified
as discussed in Sect. 5.1.3. However, boilers that were originally
designed for distillate (No. 2) ¢il tend to have smaller furnace volumes
with tightly spaced tubes. In addition to the boiler modifications
discussed in Sect. 5.1.3, it was assumed that No. 2 oil-fired boilers
would require a capacity derating of 20X to accommodate the coal combus-
tion equipment. The boilers that were actually selected for coal refit
and their capacity before and after conversion are explained in the Air
Force base information summaries in the Appendix.

Emission vegulations. At a few Air Force sites, the applicable SO,

emission regularions affected the choice of project size. The federal
New Source Performance Standards regulate SO, emissions from coal-
burning equipment only if fuel input ratings are 100 MBtu/h o1 greater
(assuming the location is in cempliance with federal ambient air quality
standards). When the state regulations allow coal to be burned without
S0, removal, there is an economic incentive to keep a zoal system
smaller than 100 MBtu/h of fuel input (equivalent to about 75 or
80 MBtu/h of steam/HTHW output). If the design capacities of the exist-
ing boilers in a heating plant are larger than this cutoff value, then
it was sometimes advantageous to derate the boilers to eliminate the
need for active S0, removal systems. The effects of the applicable
environmental regulations on each simulated project are discussed in the

Air Force base information summaries in the Appendix.

5.2.2 Combustion Technologies

The 13 coal-utilizing technologies included in the cost-estimating
model are discussed in Sect. 5.1.1. Only a subset of those technologies
was evaluated for each particular heating plant site, and the technolo~
gies that were included or excluded were determined on a case-by-case
basis. Technologies were only eliminated if a valid reason for removal
was determined. The general reasoning behind the elimination of certain
technologies is described here. Information pertaining to the selection
of appropriate technology options for each Air Force base is found in

the information summaries in the Appendix.
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Coal/oil slurry. Coal/oil mixture techhology was eliminated en-

tirely from this study for a number of reasons. The cost estimates for
the slurry technologies (both coal/oil and coal/water) were based on the
assumption that near-term commercialization would make large quantities
of slurry fuels available regionally or locally at competitive prices.
However, there is currently very little interest (or research and
development work) in coal/oil slurries for either industrial oc utility
applications. This is in direct contrast to coal/water slurry-firing,
which 1is currently rceceiving much more attention. It seems that
coaifoil slurries have a much smaller chance of becoming commercialized
than coal/water slucries.

Coal/oil slurry-firing was judged to be much less attractive than
coal/water slurry-firing if oil prices are assumed to escalate signifi-
cantly faster than coal prices. Because -50% of the coal/oil slurry
heating value comes from oil, the benefit of coal/oil slurry-firing
decreases rapidly as oil prices vise relative to coal prices.

There have beer some technical problems specifically associated
with coal/vil slurries, one of which is NO, control. Flame temperatures
have been reported to be high, causing excessive amounts of thermally
produced NO,. This type of problem is not seen with coal/water slurry-
firing. Also it may not be pcssible to use a baghouse for particulate
control with coal/oil slurries because of the possibility of blinding
the bag material. An electrostatic precipitator (ESP) may be required
instead of a baghouse. The disadvantage is that an ESP is a more costly
technology for the size of the systems under consideration.

It is acknowledged that coal slurries containing both oil and water
are being developed and marketed at this time. This type of slurry was
not examined directly in this study. However, coal/water/oil mixtures
are judged to be similar to coal/water slurries because only a small
amount of the total heating value (<30%) comes from the oil.

Return to stoker-firing. One of the coal refit options is to reuse

stoker-firing in a boiler that was originally designed for stoker~
firing. If none of the existing boilers at a heating plant were de-
signed for stoker-firing, then this refit technology must obviously be

eliminated from consideration.
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Space limitations. At some Air Force bases, some of the tech-

nologies could not be considered as vizble alternatives because of site-
specific space limitations. The two types of space considerations
examined in this study were (1) space for the coal combustion and coal-
handling equipment and (2) space for a coal pile. Space must be avail-
able inside a boiler house for any new boilers, boiler modifications,
add~-on combustion equipment, coal feeding equipment, and any coal prepa-
ration equipment such as pulverizers. The boiler house can be expanded
if necessary. Space is required outside a boiler house for the day
storage silos and coal conveyors. The coal pile should be located no
more than a few hundred meters from the boiler house, and there must be
ample voom for the rail or truck unloading station as well «s a 90)-d
supply of coal.

The refit technologies are aftected when space is limited in and
around the existing boiler house. The slagging combustor, modular #3C,
return to stoker, and gasifier technologies were dropped from the analy-
sis first because they require the greatest amcunt of equipment space in
the boiler house. Tue micronized coal equipment occupies somewhat less
room, and this technology could be retained in a few special situations
when the other dry coal technologies were eliminated. All of the gbove
dry coal technologies were eliminated when there is no room for a cval
pile near the existing boiler house. The coal/water slurry technolugy
was analyzed at all of cthe Air Force bases because it was assumed to
require no more room than an oil-fired boiler.

The replacement technologies are affected by space limitations at
both the existing boiler house and other locations on the base. All six
replacement technologies could be considered at almost all of the Air
Force bases. If the replacement boilers had to be located at a new
heating plant, then it was assumed that the costs of connecting the new

boilers to the existing distribution system would be negligible.

5.3 COMPUTER MODEL FOR LCC ANALYSIS

In addition to the cost-estimation model, a computer model devoted

to LCC analysis was also developed. The LCC model has two main parts: a
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discounted cash flow spreadsheet and an LCC suwnary spreadsheet, In the
cash flow spreadsheet, the capital and 084 costs (including fuel) are
distributed over time, while the value of money is assumed to be time-
dependent (i.e., the cash flows are discounted). The calculated LCC of
a project is the sumnation of these discounted cash flows over the
economic life of the project. In the LCC summary spreadsheet, the LCCs
of the proposed coal-fired boilers ave compared to the LCC of the
existing gas/oil system.

Two major financing scenarios were included in the economic analy-
sis: one for Air Force ownership and operation of the coal equipment
and one for private ownership and operation. The economic assumptions
used in the LCC analysis are listed in Table 5.6 for both the Air Force-
and private-financing scenarios. The primary differences between the
Air Force- and private-financing scenarios are in the way that capital
costs and taxes are treated. Four of the pavameters in 7Table 5.6
(general inflation, fuel escalation, discount rate, and return on in-
vestment) are labelled as variables. The values used in the LCC analy-

sis for these four variables are discussed later in Sect. 6.1.2.

Table 5.6. Economic assumptions used in the LCC analysis

Parameter 2§r Fo;ce ?riva;e
inancing financing
Project start year, start of construction 1990 199G
Construction period, year 1 1
Economic life of project, years 30 30
Salvage value at end of economic life 0 0
Time-dependent curve for maintenance costs U-shaped U-shaped
Inflation and discounting base year 1988 1988
Ceneral inflation rate Variable Variable
Fuel real escalation rates Variable Variable
Real discount rate Variable Variable
Equity, percent of capital investment Not applicable 100X
Befoure-tax real return on investment Not applicable Variable
Amount of working capital, months Not applicable 2
SOYD depreciation life, years Not applicable 15
Local property tax and insurance rate, % 0 2
Federal income tax rate, % Not applicable 34

Investment tax credits Not applicable None
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5.3.1 Air Force Financing

The Air Force-financing assumptions in Table 5.6 can be explained
most easily with the aid of the example discounted cash flow spreadsheet
shown in Table 5.7. Coal-fired boiler projects are assumed to start at
the beginning of 1990 with a l-year construction period. Coal-firing
begins in 1991 and countinues for 30 years through the end of 2020. All
dollar amounts in the cash flow spreadsheet are in as-spent thousands of
dollars (k$) that are inflated from & base year of 1988. However, in
the example in Table 5.7, as-spent thousands of dollars are actually
equal to constant 1988 thousands of dollars because the spreadsheet was
calculated for zero general inflation, as is seen in the "GENERAL IN-
FLATION INDEX" line.

The cash flow spreadsheet can accommodate fuel prices with escala-
tion rates that differ from the general inflation rate as is seen in the
“FUEL INFLATION INDEX' line of Table 5.7. Fuel inflation is calculated
from the same 1988 base year as general inflation. The fuel costs shown
in the "FUEL" line are determined by estimating the annual fuel cost in
the 1988 base year and then multiplying by the fuel inflation index for
each year.

The maintenance costs in the "MAINTENANCE" line of the cash flow
spreadsheet are treated in a special way. The annual maintenance costs
generated by the cost-estimation model are adjusted by the time-
dependent multiplier shown in Fig. 5.3 when they are entered into the
cash flow spreadsheet. The U-shaped curve accounts for extra costs that
occur because of infant failures during the first 3 years of heating
plant operation and old-age failures during the last 8 years.

The "TOTAL COST TO AIR FORCE" line of Table 5.7 is the sum of the
annual capital and 0&M costs. The present value of these total costs
are calculated in the 'DISCOUNTED AF TOTAL" line by discounting back to
the 1988 base year. The LCC of the project appears in the lower right-

hand corner of the cash flow spreadsheet.
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Fig. 5.3. Time-dependent multiplier applied to annual maintenance
costs3.

5.3.2 Private Financing

For the private-financing scenario, it was assumed that the Air
Force will enter into a 3l-year contract with a private company to
purchase, construct, operate, and maintain the coal-fired boiler equip-
ment. The Air Force will reimburse the contractor directly for their
044 costs and will pay the contractor an annual fee for recovery of
their capital investment and profit. Many of the costs associated with
private financing are identical to those for Air Force financing. The
differences between private and Air Force financing are explained here
with the aid of the example discounted cash flow spreadsheet for private

financing shown in Table 5.8.

The annual fee in the "CAPITAL COST" line of Table 5.8 is calcu-
lated using the standard capital recovery equation over the 30-year

economic life of the project with a rate of return on investment that
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will be defined in Seect. 6.1<2. Xt was also agssumed that the contractor
incurs O&H costs (including fue! custs) an average of 2 months before it
is reimbursed for them. The contractur ig payed the same rate of return
for these 2 months of working capital. The working capital costs are
itemized in the "RETURN ON WORK CAP" line of the cash flow spreadsheet.
A private contract¢r must pay local taxes, insurance, and federal
taxes. These costs are calculated in the cash flow spreadsheet, but
they do not affect the "IOTAL COST TO AIR FORCE" line of Table 5.8
because it was assumed that the contractor pays these costs out of their
own pocket using their rveturn or investment. Local property taxes and
insurance are lumped together, and their annual cest was assumed to be
2% of the capital investment. The federal income tax calculations arn
based on the following assumptions: (1) capital equipment is depreci-
ated over 15 years using the sum-of-the-years digits (SOYD) method with
no salvage value, (2) the tax rate is 34X, and {3) the private contrac-
tor is a large company with other sources of income Lo balance any

negative income from this project.

5.3.2 Definitions of Figures-of-Merit

The LCC summary spreadsheet lists the economic results for the
existing gas-/oil-fired system plus all 13 coal technologies with either
Air Force or private financing. An example LCC summary spreadsheet is
shown in Table 5.9. Three different figures-of-merit are presented in
the LCC summary spreadsheet: (1) LCC, (2) benefit/cost ratio, and
(3) discounted payback period. These figures~of-merit are defined and
discussed in this section.

Some of the coal combustion technologies that are examined in this
report (such as micronized coal) are not fully commercialized. A word
of caution when interpreting the economic results is that the risks and
uncertainties of these newer coal technologies have not been penalized
in the economic analysis relative to the more established coal tech-
nologies (such as stoker coal-firing).

LCC. The LCC of a project is the summation of the discounted
annual expenditures over the 30-year econcmic life of the project. The

LCCs shown in Table 5.9 come from the lower rvight-hand corner of the
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discourited cash flow spreadshests. The cash flow spreadsheets are
executed numerous times in order to fill Table 5.9. The LCC parameter
is calculated for all of the proposaed coal-fired systems, as well as the
existing gas=/o0il-fired system that they would veplace. LCCs that have
been inflated and discounted over a 30-year period can result in dollac
amounts that are difficult to comprehend in absolute terms. It is best
if LCCs ave used only for relative comparisons betwean projects.
Benefit/cost vatio. The term "benefit" is used in this report to

refer to cost avoidance (i.e., the cost of continued operation of an
existing system) rather than cost savings (i.e., the difference between
the cost of an existing system and the cost of a new system). The
benefit/cost ratio is therefore defined as the LCC of the portion of the
existing gas/oil system that would be displaced by coal, divided by the
LCC of the proposed new coal system. In the example LCC summary spread-
shezt in Table 5.9, che numerators of the benefit/cost ratios are all
equal to the LCC of che natuxal gas boiler, and the denominators depend
on the coal technology and financing scenario.

The benefit/cost ratio is the primary figure-of-merit used in this
report to interpret the economic results. In general, the use of
benefit/cost ratios is not recommended when budget constraints zre an
important consideration. However, the results in this report are not
intended to be used for allocating a fixed budget between competing
projects; the purpose instead is to provide guidance for planning Air
Force budget requests and/or planning privatized projects. The use of
benefit/cost ratios ensures that cost~effective projects are not over-
looked just because they are capital intensive.

Three questions can be answered by examining the benefit/cost

ratios:
1. What is the best (most economical) coal technology and financing
scenario at a particular Air Force base?

2. Which air base has the greatest potential for economical utilization
of coal?

3. Will coal be more economical than the existing gas or oil fuels?

The first and second questions involve velative comparisons between two




or more benefit/cost ractios, while the third question depends only on
the absolute magnitude of the benefit/cost ratios. In the example in
Table 5.9, micronized coal with Air Furzce financing is the best tech-
nology because it has the largest benafit/cost ratio, and it will be
more ecconomical than the existing gsz system because the ratio is
greater than 1.0,

Discounted payback period. This pacvameter is defined as the time

period (measured from the beginning of construcrion) required for the
cunulative savings from a project to pey back the inicial investment and
other cumulative costs of the projeet, taking into account the time
value of money. During the first few years of a coal-fired boiler proj-
ect, the cumulative discounted costs of the coal system are generslly
greater than the cumulative discounted costs of the existing gas/oil
system because of the capital costs of the coal cquipment. However, coal
prices are usually less than gas/oil prices, and the cumulative costs of
the conl system ctend to increase with time more slowly than the cumula-
tive costs of cthe gas/oil system. The discounted paybuck period is
defined as the point in time where the cumulative discounted costs of
the coal system fall below the cumulactive discounted costs of the exisc-
ing gas/oil system.

The discounted payback period is used in this report only as a
secondary figure-of-merit for the following reasons: (1) the discounted
payback period has no meaning in the private-financing scenarios vhere
the Air Force does not invest any of ctheir own capital, (2) the dis-
counted payback period will sometimes be undefined because it can be
greater than the cconomic life of the project, and (3) an economic
evaluation using discounted payback pariods will sometimes be misleading
because it completely ignores the economic consequences beyond the pay-
back period.
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6. RESULTS OF RANKING STUDY

The cost-estimation and LCC analysis models described in Chap. 5
have been used to examine the economics of coal utilization at 16 Air
Force facilities. Afrter some further description concerning input
variables and how the results were obtained, the results are presented
and a method of ranking the 16 sites is discussed. Some sensitivity
analyses to key parameters have been included to help understand the

vesults more thoroughly.

6.1 VALUES OF INPUT VARYABLES

The input parameters for the cost-estimation model and LCC model
are defined and described in Chrp. 5. The numerical values used in this
study for the paramezers that vary from site to site are summarized
here.

6.1.1 Cost-Estimalion Variables

A list of input parameters for the cost model is provided in
Table 5.3. HNumerical values are given in the table for eight of the
parameters. The remaining parameters that are labeled as variables are
discussed further in rhis section.

Important assumptions cthat define the coal~conversion projects
examined in this study are summarized for each Air Force site in
Table 6.1. The number of boilers for refit and total output capacity
chosen for each project were found through optimization as discussed in
Sect. 5.2.1. The expected capacity factor is dependent on this chosen
output capacity and the heating load of each bhoiler plant. Also listed
iz the need for active SO, removal, which has been determined from the
sulfur content of available coals (Sect. 4.1) and applicabie local
environmental regulations (Sect. 4.2). Active SO, removal was found to
be required at 6 of the 16 sites.

The existing boiler design is also listed in Table 6.1 and was used
to determine what boiler modifications are needud for refit technologies
and whether derating of a refitted boiler is necessary. Boiler modifica-

tions were determined as exp.ained in Sect. 5.1.3, using Tables 5.4 and
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5.5 as a guide. Boiler derating was assumed to be necessary at four
sites; three were derated simply because they were No. 2 oil-designed
units, and the Loiler at Pease AFB was assumed to be derated to avoid
50, emission regulations (discussed in Sect. 5.2.1). Hany details about
each individual site are summarized ia the Appendix.

The current prices for fuels used in the study are listad in the
main tables that summarize the cesults (Tables 6.3 and 6.5 of Sect.
6.2). 0il and coal/water slurry prices do not vary from site to site,
as discussed in Sect. 5.1.3, while natural gas, ROM coal, and stoker
coal prices do vary from site to site. One note about coal prices is
that the prices used in the analysis for Elmendorf AFB and Pease AFB are
optimistic. The coal prices quoted for Elmendorf are from a new company
that is not yet in operation. If this new coal is not available in the
future, then coal would have to be purchased at a much higher price from
the only coal supplier near Elmendorf that is currently in operation.
The coal prices quoted fcr Pease are based on inexpensive rail delivery;
however, higher-cost truck delivery may be necessary because the rail
connection to Pease is scheduled for removal.

The vremaining input variables that have not been defined are the
price of electricity and the coal praoperties (higher heating value, ash
content, and sulfur content). Values were determined for these parame-
ters for each of the 16 Air Force sites and can be found in the informa-

tion summaries in the Appendix.

6.1.2 Economic Variables

Many of the economic assumptions made for the LCC analysis are
discussed in Sect. 5.3, and the input parameters to the LCC model are
listed in Table 5.6. Four key economic variables are discussed further
here because of their potential importance to the study.

General inflation. General inflation, which is a loss in the buy-

ing power of money, is an input variable to the LCC model. General
inflation is often thought of as being very important in an economic
analysis. However, general inflation has no effect on the LCC results
for Air Force-financed projects, if the actual discount rate is also

inflated to maintain a constant real discount rate. Although inflation
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does have a minor effect on the LCC results for privately financed
projects, the general inflation rate was assumed to be zero in this
study. The effect of this assumption is that all future values in the
cash flow spreadsheets will be in constant dollars, as is required by
federal guidelines.!0

Discount rate. Federzl guidelines specify that a vreal discount

rate of 10X should be used for the evaluation of projects that are not
primarily for energy conservation.!® For most of this study, an actual
discount rate of 10X was used, which is equivalent to a real discount
rate of 10X because of the assumption of zero general inflation. A 7X
discount rate is also examined in Sect. 6.3.2 to determine the sensi-
tivity of the results to the discount rate.

Rate of return on investment. A representative rate of return

(ROR) on investment is needed for evaluation of privately financed proj-
ects. A before-tax ROR of 17X was selected. Based on the local and
federal tax assumptions shown in Table 5.6, this translates to an after-
tax ROR of about 12X,

Fuel escalation. Because the results of the LCC analysis were

found to be very sensitive to the assumed fuel escalation rates, and
because fuel escalation projections are so highly subject to question,
three separate fuel escalation scenarios have been examined.

One set of fuel escalators was derived from a DOD memo that gives
guidelines for encrgy-dependent economic analyses.3 The DOD escalators
are based directly on the report Annual Eneryy Outlook 1986, published
by the Energy Information Administration (EIA) of DOE.% Fuel escalation
projections are tabulated in the DOD memo and the 1986 EIA report for
distillate oil, residual oil, natural gas, and coal, for both commercial
and industrial sectors, in ten different regions of the United States.
For the LCC analysis in this report, it was assumed that the industrial
fuel escalation rates, averaged over all ten regions of the United
States, are applicable. Also, distillate and residual oils were assumed
to escalate at the same rate (equal to an average of the escalation
rates for distillate and residual oils). )

The 1986 study by the RIA includes projections only to the year
2009. The DOD escalation tables were extended to the year 2017 by
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assuming that the 1986 EIA escalation projections £for the years
1996-2000 (escalation rates for each fuel are constant during this
S-year period} would remain constant through the year 2017. For the LCC
analysis in this report, the 30-year cconomic life ends in the year
2020; therefore, the same escalation cates were assumed to apply all the
way to the year 2020. The DOD escalation scenario just described is
referred to as the "nominal values" case for fuel escalation. These
cscalation rates are shown in Table 6.2, For this '"nominal values"
case, gas and oil prices escalate at rather high rates relative to the

price of coal, which will enhance the economic outlook of coal projects.

Table 6.2. Fuel escalation scenarios

Real escalation rate

(%/year)
Fuel
2000 and
1988-1990 1990-1995 1995-2000 beyond
“Nominal values¥ case
Gas 3.89 8.87 5.77 5.77
0il 4.86 1.87 4.16 4.16
Coal 1.16 2.3} 1.19 1.19
YAEO 1987" case
Cas 2.28 4.70 5.49 2.75
0il 0.17 4.16 5.55 2.717
Coal 1.46 1.76 1.61 0.81
Zero case
Gas 0 0 0 0
0il 0 0 0 0
Coal 0 0 0 0

A second fuel escalation scenario was developed from the updated
Annual Energy Outlook 1987 rveport.S5 Because the updated 1987 report
also does not include any escalation projections beyond the year 2000,

an author of the report was contacted and asked to recommend the best
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agsumptions during that time period. The opinion received was that the
forces causing high o0il and gas price eszcalation during the 1995-2000
period will weaken significantly in years beyond 2000, To simulate
reduced pressure on fuel prices for years beyond 2000, it was assumed
that each fuel escalates at one-hal{ the projected rate for the
1995~2000 period. This set of escalators will be referred to as the
YAEO 1987" fuel escalators. The precise values used for fuel escalation
are given in Table 6.2. The “AEO 1987" escalators lie approximately
midway between the "nominal values" escalators and the third escalation

scenario of zero fuel escalation.

6.2 RANKING BY BENEFIT/COST RATXO

The 16 Air Force base heating plants have been ranked according to
the benefit/cost ratio (see Sect. 5.3.3 for definition). Six economic
scenarios were cxamined: three separate sets of assumptions for fuel
escalation were considered, and both Air Force ownership and private
ownership were examined. The economic ranking results for the six
scenarios are summarized in Tables 6.3 through 6.7. These rankings are

discussed in the following sections.

6.2.1 Air Force Fipancing and Ownership

A summary of the coal-conversion projects examined assuming Air
Force ownership is given in Table 6.3. All of the coal combustion tech-
 logies that were evaluated at each of the 16 sites are included in the
table. The 149 potential coal projects are ranked according to the
first column of benefit/cost ratios that were calculated for the '"nomi-
nal values" of the economic parameters. The list of coal projects for
each Air Force site is ordered so that the highest benefit (most attrac-
tive) option appears first and the lowest benefit option appears last.
The Air Force sites are ordered in Table 6.3 according to the benefit/
cost ratios of the best coal technology at each base.

Table 6.4 summarizes the most attractive coal technology at each

base for the three fuel escalation scenarios, Micronized coal refit 1is
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Table 6.). Alr Yorce=financing results with ranking according to "nominal valuas"

Nenefit/cost ratlo

Sase Current Technology Coal 3
Conl Parametars Fuel real Fuel resl
(Hajor fuel and  Rank ) peice
conaand) price Techrology wor(c wev  (S/H3tw) ::::::l :'g;é“:;:? es:a:::ioa
Arnold Hatural gan 1  Mleronized X 1.78 2.141 1.616 1,19}
(ArSC) $).97/48¢u 2 Slagsing X 1.7% 1.96) 1.480 1.085
3 18C reflc X 1.78 1.927 1.45) 1,064
& rkg. stoker X 1.9? 1.511 1.367 1.008
Potantial coal v = 5 tkg. TG 4 1.7% 1.802 1.359 0.994
23,632 tona/year 8§ Flald stoker X 1,97 1.756 1.325 0Nt
11 Fleld rac X 1.73 1.2 1306 0,249
12 Mulverfized % 1.7% 1.702 1.282 0.930
13 Clre. FEC X 1.78 1.649 1,282 0.500
16 Coal/vater 1 3.0 1.646 1,246 0.946
18  Caaifter X 1.92 1.612 1.216 0.894
Xelly Natural gas ¢ Pge stoker X 1.98 1.795 1,369 1,022
{AFLC) $4.00/18¢c0 1 Mg, ¥OC X 1.87 1.260 1.339 0.995
16  Field stoker X 1.98 1.643 1.249 0.925
19 ¥leld FiC % 1.0 1.58% 1.203 0.0%7
rotential o3l use = U Nulverized X .87 1.39) 1.181 0,867
16,014 tons/year 25 Caalluater b4 ).00 1.54% 1.119 0.909
32 Cirve. FBC X 1.87 1.%22 1.157 0.849
Hinot Natural gas 9  Micronized x .40 1.24) 1.348 1.018
{54C) $).60/aen 20 Slagging X 1.48 1.5 1.219 0.91?
21 M. T8C b4 1.48 1.370 1214 0.91%
22 Seoker rafic X 1.87 1.364 1.210 0.923
Potential coal use » 7 FRC relit X 1.48 1.539 1.139 0.894
12,126 tons/year 30 rkx. stoker X 1.87 1.82% 1,180 0.899
31 CGasiffer X 1.87 1.42) 1.100 0.820
60 Tleld Fac X 1.48 1.009 1.058 0.791
6)  Flald stoker X 1. 1.362 1.05) 0.793
67  Coal/uater 3 3.69 1.397 1.05) 0.82)
7% PMNlverized X 1.48 1029 1.026 0.766
82 Cire. FBC X 1.A8 1.31% 1.018 0,157
Robing Natural gas 10 Hicronized X V.27 .43 1.330 1.00)
(AFLC) $1.19/M8tu 40 Pkg. FBC X 1.7 1.410 1128 0.842
42 Pkg. atoker X 1.99 1.406) 1.119 0,834
S0 Fleld stoker X 1.99 1.426 1.091 0.818
Potential coal use = 54 Fleld FRC X 1.7 1.410 1.077 0.802
17,268 cons/year 58  Pulverized X 1.7 1.383 1.05? 0.78%
68  Ceal/vater b4 3.00 1.357 1.041 0.808
69 Cire. FRC X 1.77 1,349 1.0)) N.26%
HeGutre Nagural gaa 13 llcrontzad X 1.39 1.64) 1,206 0.950
(MAC) $4.00/H8c J) Pkg. FBC X 1.89 1.31) 1.16) 0.87)
3 Slagging X 1.89 1.510 1.161 0.869
)5 FRC refic X 1.89 1.496 1.150 0.861
Potential coal usg = 55  Coal/vater X .60 1.407 1,088 0.836
13,217 tons/year 62 Fleld FBC X 1.89 1204 1.048 0.781
16 Stoker refic X% 2.25 1324 1.0.9 0.767
81 Clrc. FBC X 1.8% 1.31& 1.009 0.750
87  Pkg. atoker b 4 2.25 1.299 0.999 0,752
112 Casiliier X 2.2) 1.236 0.951 0.719
119 Fleld stoker X 2.2% 1.199 0.921 0.689
128 vulverized X 1.89 1.123 0.901 0.667
Crand Forks No. 6 oil 17 Micronized x 1.4% 1.6032 10345 1.057
(SAC) $3.67/M48¢tu )7 Slapging X 1.48 1.485 1.22) 0.95?
38 Pkg. FAC X 1.48 1.483 1.221 0.958
41 Stoker refic X 1.87 1.469 1.21) 0.962
Potential coal use = 43 FBC refit X 1.48 1,456 $.199 n.933
13,495 tons/year 4  Pkg. stoker X 1.87 1.434 1.183 0.938
85 Tleld FBC X 1.48 1.303 1.072 0.83%
86 Casifier X‘ 1.87 1.300 1.072 0.85%}
94  Fleld ctoker * X 1.87 1.292 1.064 0.837
98  Pulverized -~ X 1.48 1.269 1.044% 0.811
104  Coal/water X 3.00 1.258 1.040 0.846
108 Cire. FBC X 1.48 1,247 1.026 0,797
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Table 6.3 (eontinued)

Penofit/cont ratlo

Base rarrent Taek: logy Caal
Coal @ Paranatara Fuol real  Fuel real
(Majue fuel and Nark tachnaln 1 price noninal  éscalatlion escalation

cannand) price 5Y Fatlt Tew  ($/M3ew) values . ATO 1987 » zaro
Placesburgh No. 6 ofl 2)  HKlcronized X 1.97 1.962 1.8 1.011
(54¢) $Y.67/H0tu &% Slagglng X 1,97 1.449 1,150 7928
&8 Pkg. FAC b4 1.97 1.431 1.2 0.923

352 ¥BC reflt X L7 1.418 1.162 0.912

Potential coal use = 65  Yxg. stokar % 240 1.357 LA 0.887
16,339 tons/year 91  Coal/uater X 3.0 1,293 1.062 2.859
95  Fleld FSC X 1.97 1.28% 1.0%3 .82

101  Polverized X 1.9 1,26} 1.0)% 0.80%

107 Field stoker X .46 1,248 1.02) 0.808

11 Cire. FiC X 1.97 L.2n 1.007 0.78)

12)  Casifter X 2.46 1.194 0.981 0.78)

Pense® Yatural gas ¥ Mleronizad X 2.0 1.5%0 1.196 0.917
{3AC) £3.80/M3cu 37  Slageing X .07 1,290 1.0719 0.822
61 Coal/fuater X )60 1.369 1.746 0,834

6% FBS reflc b4 2.07 1359 1.03% 0.804

Potential coal use « 160 Pkg. ¥AC X .07 1.266 0.94) .74}
13,057 tona/year 10 Peg. stoker X 2.56 1,243 0.948 0.244
130 Tield r2c X .4 1.198 0.919 0.70)

122 Fleld evoker X 2.9 1.195 7.928 0.709

139 Pulverizad X .07 1.170 0,908 0.686

138  Clrc. FBC X 2. 1134 0.88) 0.664%

133 Casnifiler X 2.56 §.110 0,843 0,663

Tinker Natural gas 28 Fleld FEC X 1.¢8 1532 1.151 0.840
(AFLC) 52,45/ 3l vkg. FRC X 1.68 1.52) 1348 0.8)9
& Clrc. F8C X 1.48 1,451 1.050 0.79)

72 Pulverized X 1.6R 1.0 1004 0722

Potential coal use « 719 Fleld sxoker b 4 1.99 1.317 0.9%0 0.728
49,602 tons/year 89  Pkg. scoker b 4 1.9¢ 1.298 n.976 0,717
108  Caal/uater X J.00 1,252 n.93% 0.712

Elzendorfd  Matural g3 Y Mlcronizad X 1.6) 1.527 1.146 0.851
{AAC) $2.05/M3cu 56 Slagging b4 1.6) 1.40) 1.052 0.775
39  ¥8C rafle X 1.6) 1379 1.034 0.762

N 75 Fleld FBC 4 1.6) 1.326 0.99 0.729
Potential coal use = 109 Cfre. FHC X 1.6 1.287 0.93% 0.681
154,32% tons/yaar 115  Pkg. FBC X 1.0) l.221 0915 0.669
127 Mulverized X 1.8) 1.174 0.829 0.638

141 Stokee vefft X 2,16 1.160 0.826 0.613

145  Field stoker 4 .10 1.064 0.798 0.5%0

147  Coal/uater X 3.09 1,010 0.769 0.581

148 P'kg- Rtaker X 2.16 0.929 0734 0.54)

149  Casi{fler X 2.16 0.849 N.56Y6 0.408

Ritl Natural gas 36 Pkg. FEC X 1.29 1446 1.141 0.848
(AFLC) $2.97/48¢tu 53  Fleid ¥F8C X 1.20 loklé 1.088 0.80)
1l Clre. F8C X 1.20 1.318 1.036 0.258

1] I'Ls- stoker X 1.30 1.293 0.996 0.740

Patantial coal use = 103 Field stoker X 1.39 1.266 N.957 0.716
2,560 tons/yeac 12 Pulverfzed X 1.2 | 1R 2] 9.913 0.622
139 Cosl/uater X .60 1.110 n.8% N.66})

Seate Natural gas )9 Pkg. FBC X 1.24 1.473 1.14) N, 854
(HAT) $3.%0/43¢tu 66 Pkg. stnker X 1.26 1.3%?2 1.0%}) 4. 78%
18 Fleld FicC X 1.2% 1582 1.0} 7,762

93  Clre. ¥8C x 1. 1.292 | itet] 0744

Potential coal use = 111 Cosl/uater X 1ot 1,243 (N TAA 075
13,731 tons/year 114 Flald stuker X 1.26 .21 0.9%2 1. 7009
134 Polverized X 1.2% 1,151 N, E£RY n.654
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Table 6.3 (continued)

Neaef(t/eoat ratlo
Base Curcent Technology Coa)
Coal Parangters Fuel real  TFuel resl
‘gﬁ:gzs) t:::c:“d Rank technology 1E3{f23§;; (?;;::u) » nowinal  esculation escalation
. volucs = ALO 1587 = z2Y0
Dover ba. & oll A7  Mieronized X 1.84 1.434 1.188 0,947
(HAC) $).67 /48t 77 Stoker refit X 2,19 1,324 1.092 0.882
83  Slagglng X 1.84 1.J08 1,083 0.839
84  rkg. FEC X 1.84 1.304 1.080 0,858
rotencial coal ueg ~ 92 Mkg. stokaer X 219 1.292 1.001 0.860
12,468 tons/year 96 F3C rafic X 1.84 1.265 1.064 0.843
117 Coalluater X 3.00 1,216 1.010 0,826
130  Fleld stoker X 2.19 1.164 0.964 0.767
131 Fleld ¥raC X 1.84 1,153 0954 0.752
132 Caulfier X .19 1.14) 0.947 0.760
137 Pulverized X 1.84 1.137 0.9 0,23
142  Cire. F8C X 1.84 1.100 0.919 0.71%
Andtova Ho. G oil 49  Hicronized 3 1.84 1.401 1.185 0.943
{MAC) $3.67/48z0 80 Sctoker refic X .19 1.315 1.091 0.877
91  FIC reflc X 1.84 1.269 1.051 0.833
Potential cosl uke = 118 Coml/uater X 3.00 1.211 1.006 0.823
12,935 tons/year 128 ez F3C X 1.8¢ J. 182 0.919 0.773
125 &g, atoker X .19 1.179 0.917 0.780
133 Fleld azoker X .19 1.142 0,946 0.752
136  Fleld FC b 4 1.84 1.0 0.235 0.737
140 Pulvacized X 1.84 1.102 0.912 0.717
144 Clre. FIC X 1.04 1.074 0.889 0.699
146  Casifler X 2.19 1.06) 0.879 0.702
USAF Acad.  Natural gas  JO  Ikg. ¥3C X 1.17 1.339 1.038 0.784%
(USAFA) $2.56/Hacu 1) Pkg. atoker X 1.45 130 1.038 0.7%0
102 rield stokar X 1.48 1.262 0.979 0.74)
166 Fleld FIC X .17 1.252 0.970 0.7
Potential coal use = 116 Mlverizad X 1.17 1.220 0.945 0.709
24,392 tons/year 126 Clre. TAC X .17 119 0.913 0.685
143  Coal/vater X 3.00 1.091 0.830 0.673
Manacon Ko« 6 oll 99  Coal/water % .90 1.267 1.035 0.828
(A¥SC) $).87/4820

Potential coal usg «
20,14) tons/year

91.6C results for Pease may be optimistic becausa of questionable access to inexpensive rafl
dalivery for coal.

biee results for Elmendorf may be optiasistic becsuse of questionable avaflability «! inexpensive
coal.
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the lowest-cost option at most of the bases (10 of 16). At the remain-
ing six bases (Kelly, Tinker, Will, Scott, USAF Academy, and Hanscom),
micronized coal and the pther dry coal refit technolegies were not
evaluated because of space limitations inside and near the existing
heating plants. The lowest-cost options at these six bases ave either
coal/water slurry refit or one of the replacement boiler technologies.

It is obscrved from Table 6.4 that Arnold is ranked first in each
case. The sites ranked 2 through 7 include Kelly, Minot, Robins,
HcGuire, Grand Forks, and Plattsburgh in each case, although the respec-
tive order changes, Beyond the top seven sites, it is somewhat more
difficult to generalize.

The most basic issue that nceds to be addressed is whether coal
will be more economical than the existing gas or oil fuels. The results
in Table 6.4 indicate that the answer to this question depends strongly
on the fuel escalation assumptions. For the '"nominal values" case of
fuel escalation, coal appears to be a good choice at all of the bases
because all of the benefit/cost ratios are significantly >1.0. For the
zero fuel cscalation case, most of the bases have benefit/cost ratios
that are <1.0, and at the bases that do have benefit/cost ratios >1.0,
the savings in gas or oil costs may not be significant enough to juatify

conversion to coal.

6.2.2 Private Financing and Ownership

The same type of analysis presented above for the Air Force-owner—
ship cases is repeated here for the private-ownership scenarios. Tables
6.5 and 6.6 summarize these results. It was found that the ranking of
the sites is very similar to the previously discussed Air Force-owner-
ship cases. Again; it is observed that Arnold is ranked first in each
case. The sites ranked 2 through 7 include Kelly, Robins, Minot,
McCuire, Grand Forks, and Plattsburgh.

When the private-financing results in Table 6.6 are compared to the
Air Force-financing results in Table 6.4, it appears that Air Force
financing is more attractive because the benefit/cost ratios are all
slightly greater than those for private financing. This conclusion is

contrary to the common belief that a private company can work less
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Table 6.5 Private=financing results with rank{ng according to “noninal values®
Base Curcent . Wonalitfeart eatl
(tsjor fuel and Rank ‘caal . Technology :2::0 Faraceters  Fuel ceal r:al real
eopaand) price technology e STRU (simm) ¢ Pesinal o eseslatlon escalation
. values » AU 1937 * 2300
Arnold Natural gas 1 Mleronise
(A¥$0) $2.92/10 2 Slagsing ¢ ::;: :';:: :';§§ hpas
3 montl X 115 1.663 1254 o
Patential caal use » ] rxfi ;;:ker § :.3; }'::Z 11169 P
23,652 tons/yeac 10 Coalfwatur X 209 1.5% e g
Il Flold stover X 1.0 1.487 NEH e
6 Flold FeC 128 1851 1.092 R1H
17 Pulverized X 108 1,417 1.067 R
s Gonttler X 1.97 1.AL6 1.068 b
yelly Natural gas & Tep. stoker : ::z: :.:;: '.Oia e
(AFLE) $4.0°H8te % Pk, Fae X 1.8 1,545 S o.ath
16 foallvater X 100 L4 1 ines o.032
o M Pleld steker X 198 1.398 1.06 4
ential coal use w ¥ Fleld foe X 1.8 1339 . i
16,018 tong/year 32 fulverlzed X 1. 1.3% 639 oty
Clev. ¥80 ? 23 . .
Kobing nataral gan 4 Rirgonized X A :::; :.gg: 0.363 T
(AFLE) $3.19/M0u 35 Prg. acoker £ 199 1.294 e G
&) Mg FRC X L 1224 0.974 N
—_— A & Cosllvater X 100 1202 0.958 024
5nt al coal use 57 Fleld steker X 1499 1.213 0'9 ? o
17,268 tensfyesr 6 Fleld PEe X 1n 1,166 P ]
W Niverized X Ln 1157 0.88) et
— ‘ 8 Cire. FAZ X 10 121s 0,850 e
Minat Natueal gas 1 Mlcronized 3 J.48 t-;bl 'z et
(5A2) $3.60/MAtu 19 Stoker reffe X 1,87 1.398 1182 S
B Slagsing X 1.48 1.360 1.650 1
Potential coal use b rﬁﬁi atgket ; {:;g :-gz; I.Ofs 0790
12,126 tonalyasr 3N FEC refle X 168 1.308 Lo Y
9 Coslluster X 3.00 1.2%9 n.969 i
Q2 Gastfler X 187 1.242 0.96% a2
M Flew ~eoker X 1.8 1,141 0.882 oot
8] Fleld FIC X ).ag 1.1 0.87 fait
35 Rivertsed X 1.8 1.09) 0,854 e
HeGulre Nagural gas 12 ul:ianlugd X X :::; i.ggi s o
(AQ) R T X 188 LIl 1010 0758
Slepsting % 1.89 ®m 1,609 .
) . . 0.752
Potencial coal use = Ag g:%‘ﬁ::::’ : ::gg :.gzg pte s
13,217 tons/year 6  Stokar reflt X 225 1478 8.902 o
% Tleld FAC X 1.8 1183 bea78 4
1 Pkg. atoker X 2.28 1.18) 0.879 oeis
2 Gaitiee X 2.25 1.092 0,849 N
wilCe . :
121 Fieid sccker X A Lo o 4
Crand Forks lia. G ofl 1) xl:::;:::: X 2 ::E: ?.Z;A s 2
(SAC) §3.67/MBtu 28 Stoker refit X 1.87 I.Sl; :'g;; g':;;
B Slagging X 1.48 1.288 1. )
B Slagging . .059 0.825
Patential coal use » 42 Pk;. ::oker ; ::2: :.2?5 e i
13,495 cans/year 53 FBC refft X .48 13t on2s fee
6  Coallvater X 3.00 1.162 0900 or7e
7 Caxiffer X 1.87 1.149 0.947 s
97 Fleld stoker X 1.8 1.089 n.895 P
16D Fledd FEC X .48 1.783 n.890 0689
0 Pulverined X 1.48 1.049 7.863 buote
9 Cire. FK: X 1.48 1.013 0835 0.545
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Tanle F§ {enatingat)

Fenaflizienst ratia

Tase Rereant . Sackan) s Al
-y g} e ) farsaetars  foel res)l Fuel real
csmf‘;) ‘“::_,:"" PR et antope -5‘-'&% “;':,S;:“) w mainal  escalatton escalation
el k : valugs  » A9 1980 = zare
Platradurgh Nae 6 wfl 15 Meronized X L H 1628 1.168 0.918
(S $V.67 Ny 4% Slazaing X 1.9 | T4 1.00 0,893
& Pra. FIC X 1497 1.297 1.09 0,806
%% PEC refix X 1.92 L2 1.689 0.787
Potentlal eaal use « % Pig. Atoker X .48 1.222 .M 0:.294
16,339 tons/yaar & Coalivarer X f NG 1,192 N.91% 0,282
%8 Field Fic X 1.97 1.086 8.439 0.683
N Gasifter X 148 1.074 0.831 0.69?
199 Field atoker 1 2438 1.0 Q.8717 0.607
1Y Nlverized X 19 f.0nl 0.868 0.6
116 Clee. FR2 A 1,97 1.0 q.318 0.648
Elnendnct®  Natural zas 21 Miorenlzed X 1.6 1,336 1,039 0,267
{Ar2) $2.05/M%tu 5% <lagzing X 1.8) 1,228 9.920 0.672
61 F8C refft E 1.5) 1.191 .82 0,651
84 Fleld FKC X 1.6) 124 0,842 0.611
Potantial caal usq » 1Y Clre. F2C X 1,83 L0 0.7 0.536
154,374 tona/year 18 Mege FBC X 1.6) 1.039 0.0 0.55%
138 Sroker relis X .14 0,983 0737 0.545
129 Mlverized X 1.6% 2,981 0.720) 0.523
137 €Coalivater X 3R 0,941 0.708 0.539
1Y Fleld atnker X .16 n.91s 0.486 n,591
148 Feg. ctoker X 2.8 0,842 0631 0,469
1LY Caztffor X 2.16 0,260 n. 4% n.40%
raa:qb Yagueal gas 2 Vicrontzed % 2. 1,38 1.025 0.820
{SAC) L3 1 ST St Coaliuater X .00 1249 0.972 0.787
58 Slagging X b 80 1.196 0.928 0.70
1 R relle X 2.07 1.15) 0.89% 0.677
Patential cosl use « 99 Phze atoker X 2.5 1.08) 0.882 0.64)
13,152 tas/year 116 ng- e X 20d? 1.7} 0.831 0.628
2% Fleld staker X 2.46 0.99% 0.1 0.580
133 Gasifiar X .56 2.96) 0.748 0.5
139 Mulverizad X 22 0,956 0.1%4) 0.556
148  ire. PAT X 2.07 1.911 0.206 0.429
Tinker Hataral gas 33 FRg. FUC X 1.03 1edue 0.9y 0.211
(ATLC) $2.85/18tu 3 Fleld FEC X 1.48 1.288 0.967 0.700
% Clres FiC X 1.08 1.192 2.895 0.64%
13 Chalivater k9 Yet4) 1.158 Q.846 0.65)
Putential <oal use = RY ¥Rz stuker % 99 Jeld4 0.845 0.014
48,184 tonsfyear I8 Fiald stoker X 1.99 1,136 0.R38 0.608
91 Pylvertzed ) 3 1.60 1.111 n.R3) N.598
Qaver Nie O 2f) v Hicrontized X 1083 1.29% 1.073 0.851
(HAT) $Y.574 M8ty 62 Steker refft X 2.19 1.188 0,935 0.788
% Th1. atukar X .19 1143 0.951 0.759
B Slapaing X 1.4 L1 3.939 0.74}
Parential coal use « K!  Prg. FRC X 1.8% 1.129 7.93% 0.739
12,468 tons/year E}  Coaliuatar X ALY 117 1.928 0.7%%
9% FGT ralit 4 1 3% 4 1. 160 0n.910 0.11?
12 Cagifier ¥ 219 1.1} 0.8)8 0,469
142 Fleld stoker X .19 n.980 n.All .64}
134 Field FEC X 1.B3 LI T3] 6.793 0.622
1«3 Palvarized X 1.84 1,933 2.1 n.60)
Wb cire. FEE X 1.R% 1, B33 Ma242 N, SRO
Andravs e & il 4 Migerunized £ [N 1.2682 1.4068 0.846
(MAL) $3.067 /M8ty b%  Stoker refir X .19 1.176 2,978 0.11%
Pr Slapring X 1.P4 1.1IR 0,928 0.729
91  Coal/uater X 3.0 1108 72.920 N.749
Potential coal use = 1! Fou retit X 1.24 1,429 . 893 0.70%
12,935 conslyear 1Yy Pk stuker X 2.19 11126 11.849 N0.674
128 ¥y FBG X 184 Totiisd 1,830 0.653
136 Fleld ntoker X 2.19 Wely % 47130 0.62)
1al  Fleid FBC X 1.74% 1,932 @.271 0.604
142 Lasitier X 2.19 0,220 N.762 0,605
14%  Pulverized k4 1.R4% 0,915 2.749 0.585
Y47 fire. PBC X 1,84 f,.R0L9 i.718 0,561
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Tadle 8.3 (veatinued)

Pomoftlenst rarlo

Saxe Cugvent N Teehnoluzy Caal 7 T Foel T Fral oAl
(Major fuel and  Pank Caal Y t¥pe price ‘araqd ta Fuel res 9Y e
conaand) prive teehanlogy  TERSTRE (SiMarw) :ﬁ?:::x i’i;;“:;:? °‘ﬁ“:::;°"
Scazt Rarwral zad 4% g 8 ¥ 1.2 26} 0.928 0.229
(MAQ) S RN 3y &% rkg. steker } 1 1,2 11706 4782 {:1] n,678
19 Caaliviter k4 ] 1.12% 0.882 681
%2 Fleld FRC X 1.4 1.097 n.849 0.6)2
Patential casl vie » 10%  Clre. F4C < 1.4 1,750 0812 © 0,602
13,731 ronilyear H? Plald steker X 1.26 1.020 0.789 058
138 Palverized X 1. 2% 0.914 0.724 (%21
el Ragura) gas A7 Tag. A0 X 1.3 1292 961 (%I
(AFLE) $3.91113 6% Fileld 8¢ X «20 1.1%9 N.88% 0.65%
2 Pug. staker X 1.9 1.13% 0.847 LN A )
1ot Clge. FiC X G .y n.31% .60%
Potential coal uie » 12 Pleld staker S 1,33 1.0%7 0.79% 0.38%
2),%0 tanslyear 138 Coalfuater X 1.0 0.9494 0744 a.588
132 Malvortzed £ 1.20 0,964 0.742 9.54)
Hanacon %oe 8 611 67  Coalfvater X Ja b5} 1. 163 Y% n,769
(#4119 3307/
Potential coal via «
30,143 tanafyear
USAF Acads  Natural gas 21 Puge sloker X IX) 1.182 0,824 0.073
(USATA) $2.50/ 480 6  Pkg. Fus b4 1.17 1,124 0.8} 0.63%%
111 Fleld scoker X 1.4% 1,040 n.806 7,603
118 Field FAC X .17 1.018 N 758 0.589
Patentlal coal use » 123 Coallvater X .00 0.998 0.2 0.6))
25,019 tenr/yaar 1 Malverized X 1.17 0.987 0.26% 0.570
139 Cirea FUEC X 1.1? 0.96 0.22% N384

BLee resalta for Flmendar! =ay be opeiaistic because ef quastionadle avalladility of lnaxpensive
eaal,

btcc resyles far Poase mav be eptiaistic bacause of questianshle access ta Inexpensive rall
delivery for coal,

expensively than thc government. In the LCC analysis, the private~
financing stenarios were not given any special treatment. Because of a
lack of better information, it was assumed that a private company would
have to invest the same amount of capital as the Air Force and incur the
same O&M costs. Private financing is therefore more expensive because

the private company must also be payed a profit.

6.2.3 Overall Observations

Some meaningful observations can be made by examining the results
for all six of the economic scenarios in Table 6.7. The top candidate
for ¢cal utilization is Arnold. Kelly, Grand Forks, Minot, Robins,
Plattsburgh, and McGuire are ranked 2 through 7 for all six scenarics,
Certain sites that do not appear above a ranking of 11 for any case
include the USAF Academy, Hanscom, Hill, and Scott.
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Table 6.7.
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Summary of ranking results for
Air Force and private financing

Rank for Air Force

Rank for private

Base financing financing Average
rank
Nominal AEQ Zero Nominal AEQ0 Zero

Arnold 1 1 1 1 1 1 1.0
Kelly 2 2 3 2 2 6 2.8
Grand Forks 6 4 2 6 3 2 3.8
Minot 3 3 4 4 5 4 3.8
Robins 4 5 6 3 4 5 4.5
Plattsburgh 7 6 5 7 6 3 5.7
McGuire 5 7 7 5 7 7 6.3
Pease? 8 8 10 9 8 10 8.8
Dover 13 9 8 11 9 8 9.7
Andrews 14 10 9 12 10 9 10.7
Elmendor£? 10 12 12 8 11 11 10.7
Tinker 9 11 14 10 12 14 11.7
Scott 12 13 1l 13 13 13 12.5
Hill 11 14 13 14 14 15 13.5
Hanscom 16 16 15 15 15 12 14.8
USAF Academy 15 15 16 16 16 16 15.7

8LCC results for Pease may be optimistic because of question~
able access to inexpensive rail delivery for coal.

Brce results for Elmendorf may be optimistic because of
questionable availability of inexpensive coal.

The process of ranking the Air Force sites in the manner described
above is simple from a mathematical viewpoint.

analyses should be viewed with skepticism because of the uncertainty

associated with predicting future events.

skepticism is especially important when interpreting the results of this

study because the recent trend of unstable energy prices will probably

continue into the future.

fore be used only to identify general trends, while small differences

The results of the LCC analysis should there-

should be considered insignificant,

However, all economic

An appropriate level of
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6.3 SENSITIVITY TO SELECTED ECONOMIC ASSUMPTIONS

The sensitivity of the results to some important economic assump-
¢tions has been examined. The effect of fuel escalation has already heen
examined in the main body of vesults. Other important parameters to be
examined in this saction include the discounted payback period and the
effect of discount rate.

It was found that reasonable variations in the assumed values of
key economic parameters can have significant effects on the absolute
magnitudes of the benefit/cost ratios (or other measures of economic
benefit). However, these parametric variations generally do not have a
significant effect on the ranking or ordering of the Air Force sites

examined in this study.

6.3.1 Ranking by Discounted Payback Period

The discounted payback period is used in this study only as a
secondary figure-of-merit for the reasons discussed in Sect. 5.3.3.
Discounted payback periods were calculated for all Air Force-financed
projects, and selected results are summarized in Table 6.8 for the top
12 Air Force sites from Table 6.7. The discounted payback periods
follow the same trends as the benefit/cost ratios (i.e., the projects
with the highest benefit/cost ratios tend to have the shortest payback
periods), although there are some minor differences. The use of dis-
counted payback periods for compariscns will tend to favor coal—-conver-
sion projects that are less capital intensive.

The answer toc the question of whether coal will be a more attrac-
tive fuel than gas or oil is again strongly influenced by the fuel
escalation assumptions. For the "nominal values" escalation case, most
of the coal-conversion projects have discounted payback periods that are
<10 years. For zero fuel escalation, the payback periods for most of
the projects are greater than the economic life of the projects. The
notable exception for zero fuel escalation is the micronized coal refit

option at Arnold, which has a payback period <10 years.
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ratso Py ratlo bay ratlo P
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Arhold Hieron{zed X 2141 3.9 1.616 &2 1.19) G4

(ArsC) Slagging X 1.963 L J 1.480 1.} 1.083 13.8

FBC reflc b3 1.927 6.2 1.4%) 8.0 1.004 15.2

Pie, staker X 1.811 6.4 1367 8.6 1.008 25.2

Relly rkg. stoker X 1798 5.9 ITRIT] 749 1.022 19.)
{AFLE) e, FBO X 1.760 6.8 1.31% 9.2 0.99% p2 1]

Grand Forks Hicronized X 14632 LX) 14363 7.8 1.057 12.9
(SAC) Slagging % 1.485 8.1 1.223 12,3 0.957 »l
Pkpe FBC X 1.48) 8.1 1.221 12.] 0.958 »n
Stokor rofie X 1.469 7.1 1.211 11.3 0.962 231

Hinok Hicrontized X 1.74) 6.0 1.348 8.0 1.013 $9.8
(SAC) Slagaing X 1.377 8.9 1.219 12.6 0.917 »l
Pkg. FBC X 1.370 9.0 1.214 12.8 0.913 Ml
Stoker rofic X }.564 7.9 1,210 11.3 0.92) >3t

Robins Nicrentzed X 1137 3.6 1.330 1.7 1.003 26.0
{AFLC) Pkg. FBC X 1.470 10.6 1,124 16.8 0.842 >N
Pk, stoker X 1.463 10.0 1.119 16,5 0.844 331

Plattaburgh Mieronized X 1.562 3.6 1.281 8.7 1.011 21
(5AC) Slagging X 1.440 8.3 1.180 13.4 0.926 M
Pk, FBC X 1.431 8.3 1,172 13.8 0.92) p3 11
HeCuire Hieronized X 1.64) 6.8 1264 9.7 0.950 i
fHac) Pkg. FBC X 1,513 9.7 1.163 14.6 0 873 331
Pease® Hleronized X 1.560 7.9 1,196 1.7 0.917 b31]
(SAC) Slagging b4 1.390 12.0 1,079 19.9 0.822 b1
Coalfuster X 14369 10.4 1.066 19.4 0.834 pX 1
Pke. FBC X 1.266 15.8 N.98) 331 0.747 231
Dover Mierontzed X 1.434 1.) 1.168 11.8 0.947 P31
(MAC) Stoker refic X 1.324 9.4 1,098 17.1 0.882 >31
Andrevs Hicronized X 1431 F ) 1.18% 12,1 0.945 P31
(MAC) Stoker refit X 1.31% 9.8 1.09} 17.8 0.877 331
alnendorib Mleronized X 1.527 8.5 1.146 14.3 0.831 231
(AAC) Slagging X 1,403 12,0 1.052 22,9 0.775 b1
FRC refit X 1.379 129 1.034 25.3 0.762 3
Fleld FAC X 1.326 14.7 0.994 231 0.729 231
Tinker Field FBC X 1.932 10.7 1.151 16.5 0.840 P 1)
(AFLC) Pkg. FBC X 1.523 10.4 1145 16.) 0.839 3

coal.

SLCC results for Pease may be optimistiz because of quustionable access to inoxpensive rail delivary for

bLCC results for Elsendor{ may be optimistic because of questionadble availabllity of inexpansive coal.
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6.3.2 Effect of Discount Rate

Lowering the discount rate will affect the LCC analysis because the
influence of costs incurred in early years will become less important,
and those incurred in later years will become more important. Another
way to view this effect is that the influence of the initial capital
investment will lessen in comparison to annual fuel and O&M costs.
Lower discount rates will therefore cause coal projects to look more
attractive.

A value of 10% was used for the discount rate in the main body of
results. The LCC model was recalculated with a 7% discount rate for the
top seven Air Force sites from Table 6.7. Because coal appears to be
the least attractive relative to gas or oil for the zero fuel escalation
case, this fuel escalation scenario was the only one evaluated. The
resuits in Table 6.9 for Air Force-financed projects show that the 7%
discount rate increases the magnitude of the benefit/cost ratios by

about 3 or 4%, but it does not sffect the ranking of the bases.

6.4 SUMMARY GF LEADING SITES FOR COAL UTILIZATION

The most important objective of this report is to conclude which
Air Force sites have the greatest potential for economical utilization
of coal. From the results given in Tables 6.3 to 6.9, seven bases can
be identified as leading sites. This section summarizes the pertinent
information for the seven leading sites: Arnold Air Force Station (AFS),
Kelly AFB, Grand Forks AFB, Minot AFB, Robins AFB, Plattsburgh AFB, and
McGuire AFB.

6.4.1 Arnold AFS

The main heating plant in Bldg. 1411 at Arnold consists of three
72-MBtu/h and one 24-MBtu/h boilers, all of which were designed for
bituminous coal. The large boilers were designed for pulverized coal-
firing, All of the boilers have been converted, and they now fire
natural gas with No. 2 oil used as a secondary €Suel. The boilers were
installed in 1951, but they are still in good condition. The capacity
factor for refitting or replacing one 72-MBtu/h boiler is estimated to
be about 72%, based on FY 1986 fuel-use data.
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Some of the original coal-storage and ~handling equipment is stcill
in place, but it is in poor condition and could not be used again.
Removal of this equipment would provide adequate space to install new
coal-handling equipment. Because the large boilers were designed for
pulverized coal-firing, the most convenient conversion would be to
ingtall micronized coal-firing equipment. The technical risk would bte
minimal, because the environmental regulations require no S0, control
for a boiler with a fuel input <100 MBtu/h. A micronized coal system
refit to one of the existing boilers is estimated to te the lowest-cost
conversion option.

The economics of converting to coal-firing appear to be attractive
based on both current and future escalated fuel prices. The current
reported prices for fuels at the base are $3.97/MBtu for natural gas and
$1.75/MBtu for ROM bituminous coal with 1.5% sulfur content. Overall,
Arnold appears to be the leading candidate for conversion of one of the

large boilers in the central steam plant back to coal-firing.

6.4.2 Kelly AFB

The main steam plant in Bldg. 376 at Kelly consists of two
54.5-MBtu/h, two 50-MBtu/h, and one 49.6~MBtu/h boilers that were de-
signed for gas-/oil-firing. They use natural gas as the primary fuel
with No. 2 oil as a secondary fuel. The boilers were installed from
1954 through 1976 and are in good condition. The capacity factor for
refitting or replacing one 54.5-MBtu/h boiler, but derated to
43.5 MBtu/h, is estimated to be about 82X, based on FY 1985 fuel-use
data. Derating is necessary because the boilers were not designed for
coal-firing.

There is not enough available space at the existing boiler house to
install dry coal-firing equipment or a coal pile. It should be possible
to install coal/water mixture combustion equipment at the present boiler
house. The technical risk would be fairly high because of limited
experience with firing coal/water mixtures in No. 2 oil-designed
boilers. A packaged shell-type stoker replacement boiler at another
site on base is estimated to be the lowest-cost coal-conversion option.
The environmental control regulations require no SO, control for boilers

with ratings <100 MBtu/h fuel input.
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Based on future escalated fuel prices, the economics of converting
to coal-firing with a replacement boiler appear to be attractive. There
is only a slight cost advantage at present fuel prices. The current
reported prices for fuels at the basc are $4.00/MBtu for natural gas and
§1.98/MBru for stoker bituminous coal with 1.3% sulfur. Kelly is among
the top six candidates for potential conversion to coal-firing, in this

case by means of a replacement boilec.

6.4.3 Grand Forks AFR

The central heating plant in Bldg. 423 at Grand Forks consists of
two 42-~MBtu/h and three 25-MBtu/h HTHW boilers, all of which were de-
signed for stoker coal-firing. They were later converted to burn No. 6
oil. Presently, HTHW is being obtained from electrically heated boilers
(ovmed by the electric utility) with a special low electric power rate
of 2.,15¢/kWh. However, No. 6 oil was assumed to be the primary fuel in
the economic analysis because the contract to purchase this low-priced
electric power from the utility will expive soon. The base also has
recently acquired access to natural gas, but it has never been burned in
the central heating plant. The capacity factor for refitting or replac-
ing one 42-MBtu/h boiler is estimated to be ~72X, based on FY 1985 and
1986 fuel-use data.

The original coal~handling equipment has been removed, but there is
space available to install new equipment. The boiler was originally
designed for stoker-firing, so it should be feasible to refit it with
any of the technology options. A refit to stoker-firing would have the
least technical risk. The risk for the other options should be only
slightly higher because the environmental regulations require no 80,
control when burning low-sulfur coal (<1.6X sulfur) in a boiler with a
fuel input <100 MBtu/h. A micronized coal system refit to one of toe
existing 42-MBtu/h boilers is estimated to be the lowest-cost conversion
option.

The economics of converting to coal-firing appear to be favorable
based on future escalated fuel prices. There is only a slight cost
advantage at present fuel prices. The current reported prices for fuels
at the base are $3.67/MBtu for No. 6 o0il or natural gas, and $1.48/MBtu
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for ROM bituminous coal with 1X sulfur. Grand Forks is among the top
six candidates for conversion back to coal-firing, with the lowest-cost
option being conversion of one of the 42-MBtu/h boilers to micronized

coal.

6.4.4 Minot AFB

The central heating plant in Bldg. No. 413 at Minot consists of
five 25-MBtu/h and one 42-MBtu/h HTHW boilers. ‘Two boilers (42~ and
25-MBtu/h) were designed to burn coal but have since been converted to
burn gas or oil. Gas is the primary fuel, and No. 6 oil is the
secondary fuel for these boilers. The 42-HBtu/h boiler was installed in
1963 and is in good condition. The capacity Ffactor for refitting or
replacing this boiler is estimated to be about 65%, based on FY 1985 and
1986 fuel-use data.

The original coal~handling equipment has been removed, but there is
space available to install new equipment. The boiler was originally
designed for stoker-firing, so it should be feaszible to refit it with
any of the technology options. A refit to stoker-firing would have the
least technical risk. The risk for the other technology options should
be only slightly higher because the environmental regulations require no
S0, control when burning low-sulfur (<1.6X) coal in a boiler with a fuel
input <100 MBtu/h. A micronized coal system refit to the existing
42-MBtu/h boiler is estimated to be the lowest~cost conversion option.

The economics of converting to coal-firing appear to be attractive
based on future escalated fuel prices. There is only a slight ccst
advantage at present fuel prices. The current reported prices for fuels
at the base are $3.60/MBtu for natural gas and $1.48/MBtu for ROM
bituminous coal with 1% sulfur. Minot is one of the top six candidates
for conversion back to coal-firing of the large boiler in the central

heating plant.

6.4.5 Robins AFB

Tkere are two major heating plants at Robins, but only one has
large enough boilers to merit consideration for conversion. The larger
heating plant in Bldg. 177 consists of three 98-MBtu/h, three 54-Btu/h,
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and one 5-MBtu/h boilers. The three 54-MBtu/h boilers were originally
designed for coal but have been converted to burn natural gas with No. 2
oil used as a secondary fuel. The boilers werc installed in 1353 and
are in fair .condition. The capacity factor for refitting or replacing
one S54-MBtu/h boiler is estimated to be -81%, based on FY 1985 and 1986
fuel-use data.

The original coal-handling equipment has been removed, and cooling
towers have been installed in much of this space. The space for new
coal-handling equipment is limited, and the only technologies that could
probably be used for refit would be micronized coal or coal/water
slurry-firing. The micronized coal option would have the lowest tech-
nical risk because the cnvironmental regulations require no SO control
for a boiler with a fuel input <100 MBtu/h. A micronized coal system
refit to one of the existing 54-MBtu/h boilers is estimated to be the
lowest~cost conversion option.

Tha economics of converting to coal-firing appear to be attractive
based on future escalated fuel prices. There is only a slight cost
advantage at present fuel prices. The current reported prices for fuels
at the base are $§3.19/MBtu for natural gas and $1.77/MBtu for ROM
bituminous coal with 0.8% sulfur. Robins is one of the top six candi~-
dates for potenctial conversion back to coal-firing of one of the coal-

designed boilers.

6.4.6 Plattsburgh AFB

The main heating plant in Bldg. 2658 at Plattsburgh consists of six
50-MBtu/h HTHW boilers, all of which were designed for firing No. 6
oil. The primary fuel is still No. 6 oil. The boilers were installed
in 1955 and 1957 and are in fair to good condition. The capacity factor
for refitting or replacing one 50-MBtu/h boiler is estimated to be about
76%, based on FY 1987 and 1988 fuel-use data.

There is enough space available to install coal-handling equipment
and for a coal pile at the existing boiler house. Because the boilers
were originally designed for No., 6 oil, the return to stoker option is
not possible, but the other refit technologies should be feasible. The

technical risk would be moderate for all of the refit options because of
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limiced experience with firing coal in boilers designed for No. 6 oil. A
micronized coal system refit to one of the existing boilers is estimated
to be the lowest-cost conversion option.

The economics of converting to coal-firing appear to be favorable
based on future escalated fuel prices. There is'bnly a slight cost
advantage at present fuel prices. The current reported prices for fuels
at the base are $3.67/MBtu for No. 6 oil and $1.97/MBtu for ROM bitumi~
nous coal with 2% sulfur. Plattsburgh is among the top seven candidates
for conversion back to coal-firing, with the lowest=cost option being

conversion of one of the 50-MBtu/h boilers to micronized coal.

6.4.7 McGuire AFB

The main heating plant in Bldg. 2101 at McGuire consists of four
50-MBtu/h and two 31.2-MBtu/h HTHW boilers, all of which were designed
for stoker-firing of bituminous coal. All of the boilers have been
converted and now burn natural gas with No. 2 oil used as a secondary
fuel. The larger boilers were installed in 1953 and the smaller ones in
1960. The capacity factor for refitting or replacing one 50-MBtu/h
boiler is estimated to be about 62Z based on calendar year (CY) 1985 and
FY 1986 fuel-use data.

Most of the coal-handling equipment is still in place, but some of
it is in very bad condition and could not be used again. Removal of the
unusable equipment would provide adequate space to install the necessary
new coal-handling equipment. It would be feasible to refit one or more
of the larger boilers with any of the technology options. The environ-
mental regulations require strict SO, control, so the technical risk is
fairly high for all of the combustion options. A micronized coal system
refit to one of the 50-MBtu/h boilers is estimated to have the lowest
cost of the conversion options, but low-sulfur (<1.5Z) coal may be
required in combination with limestone addition to meet the 0.3-1b/MBtu
S0, emigsion limit.

The economics of converting to coal-firing appear to be favorable
for future escalated fuel prices but unfavorable for current fuel
prices. The current reported prices for fuels at the base are
$4.00/MBtu for natural gas and $1.89/MBtu for ROM bituminous coal.
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McGuire is among the top seven candidates for potential conversion to

coal-firing.
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7. CONCLUSIONS AND RECOMMENDATIONS

The major goal of this repoct wus to vank the Air Force installa-
tions that presently burn natucal gas and/or oil for steam/HTHW produc-
tion according ro their suitability for economical use of coal. It is
recommended that the following seven instsllactions be considered as the
leading candidates for conversion of heating plants to coal-firing:

1. Arnold AFS,

2. Kelly AFB,

3. Crand Forks AFR,
4. Minot AFB,

S. Robins AfB,

6. Plattsburgh AFB,
1. McGuire AFB.

They are listed in order of rank, with Arnold AFS being the site with
the highest estimated benefit/cost ratio for a coal-conversion/~utiliza-
tion project. The ranking of all 16 Air Force sites cxamined in this
report is given in Table 6.7.

Even though cthree levels of fuel escalation und two types of
financing were considered, the econcmic results consistently identified
Arnold AFS as the top site for coal conversion. The analysis also
ranked Kelly, Grand Forks, Minot, Robins, Plattsburgh, and McGuire AFBs
in positions 2 through 7, although their respective order was not always
consistent. It is recommended that any possible demonstration projects
be conducted at one of these seven bases. A micronized coal refit
system would be & logical chcice for a demonstration project because it
is a fairly new technology that ppears to have very favorable eco-
nomics.

The three sets of fuel eszalstion assumptions used in the analysis
did have a very significant effect on the calculated LCCs and benefit/
cost ratios for the varinus coal-conversion projects. One fuel escala-
tion scenario was based on DOD guidelines and resulted in rather high

escalation rates for gas and oil prices relative to coal prices. It is
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vecommended that these DOD escalators be updated as soon as new informa-
tion is available and that the current method for estimating fuel esca-
lation beyond the year 2000 be improved. To address this issue, a
second sct of fuel escalators was developed and used in the LCC analycis
for comparison. This second set of fuel price escalators was designated
as the "AEQ 1987" case, and it resulted in escalation rates that were
approximately midway between the DOD fuel escalation rates and a thizd
case of zero fuel escalation.

The vesults given in Tables 6.3 to 6.6 show a large apread in the
benefit/cost ratios for the three different fuel price escalation
scenarios. A larga number of coal-conversion projects appear to be
ecanomically viable when the DOD fucl escalators are useu; only a few
appear economical when zero fuel estalation is assumed; and the middle
“AEO 1987" fuel escalation case gives results between these extremes. It
is very difficult to decide which fuel price scenario is mcst applicable
because the fuel escalation projections are, at best, only educated
guesses of future events. It can be concluded, however, that at least a
few Air Force sites are good candidates for coal-conversion projects
based on the results for zero fuel escalation, which is a very conserva-
tive assumption.

When compared to the DOD target of 1,600,000 tons/year, the coal-
utilization projects considered in this report would result in a rela-
tively small amount of coal use. Projects at all seven of the leading
sites (listed previously) would consume only ~112,000 tons/year (~7X of
DOD target). Projects at all 16 bases examined in the report would
consume ~433,000 tons/year (~27X of DOD target). Other types of proj-
ects that would use greater amounts of coal should be examined if meet-
ing the DOD target is desired. Coal-utilization projects that could
potentially be larger than those examined in this study, such as cogen-
eration and increasing heating loads through distribution system exten-
sions, will be examined in later reports.

Up to this point, noneconomic factors, such as Air Force energy
security, aesthetics, and possible effects on base missions, have not
been considered. These types of considerations must eventually be

factored into the decision-making procres.
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APPENDIX

AIR FORCE BASE INFORMATION SUMMARIES

Information summaries concerning the heating plants for each of the
- 16 Air Force facilities examined in the economic analysis are presented
in this appendix. The information in these summaries was used to model
coal-conversion projects. Results from the LCC model are included with

each information summary.
The summaries are grouped according to the major commands and

arranged alphabetically in the following order:

Base Command Page

Elmendorf AFB AAC 75

Hill AFB AFLC 86

Kelly AFB AFLC 96

. Robins AFB AFLC 106
Tinker AFB AFLC 116

Arnold AFS AFSC 126

- Hanscom AFB AFSC 135
Andrews AFB MAC 145

Dover AFB MAC 155

McGuire AFB MAC 165

Scott AFB MAC 175

Grand Foriks AFB SAC 185

Minot AFB SAC 194

Pease AFB SAC 203

Plattaburgh AFB SAC 213

USAF Academy USAFA 222
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ELMENDORF AFB: AAC

BACKGROUND

Elmendorf Air Force Base is located near Anchorage, Alaska, and has
one of the largest central heating plants in the Air Force. The
annual average fuel consumption is ~300 MBtu/h. Only the primary
heating plant is of significance to this study. All boilers were
built to burn bituminous or subbituminous coals. They are described
as field-erected, two-drum, bent-tube, water-tube units with
economizers, fitted with Peabody ring-type gas burners and Peabody
steam atomiving oil burners. Natural gas is now the main fuel with
distillate (Arctic diesel) oil as a backup fuel. The boilers
previously burned Matanuska bituminus coal {12,900 Btu/lb) with
spreader stoker traveling grate systems. Conversion to natural gas
(with Acctic diesel as secondary fuel) took place in 1968. The
Matanuska mines went out of business because the remaining coal seam
dipped steeply, causing mining to be uneconomical, especisally in
comparison to natural gas.

Presently, cogeneration is employed for this steam plant. The 415-
psig superheated steam passes through three Westinghouse, 9375-kVA,
condensing, single-automatic-extraction turbogenerators. Steam is
extracted at 100 psig.

HEATING PLANT UNITS

Heating Plant No. 22-004:

6 x 150 MBtu/h, Erie City, 1954
IDEAL CAPACITY FACTOR ANALYSIS

The maximum possible capacity factors listed below were calculated
from monthly fuel-use data for plant No. 22-004.

FY 1986
Fuel ideal
input capacity
(MBtu/hr) factor
250 0.97
300 0.91
350 0.84
400 0.75
450 0.67
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ENERGY PRICES

FY 1986 Price Data:

Natural gas = $1.94/MBtu
Distillate oil = $5.90/MBtu
Electricity = 8.0¢/kWh

The price of electricity is probably for the purchased amount only,
which is rather small because of the cogeneration system.

C. H. Guernsey and Co. Survey:

Natural gas = $2.05/MBtu
Distillate oil = $5.90/HBtu
Electricity = 3.5¢/kWh

COAL PROPERTIES AND PRICES

Stoker ROM
Origin
HHV, Btu/lb 7650 7650
Ash, % 13.9 13.9
Sulfur, 2 0.17 6.17
Nitrogen, % 1.0 1.0
Ash-softening temperature °F 2130 2130
Swelling index
Top size, in. 2x0
Bottom size, ‘in.
Fines, 2
Grindability index 32 32
Cost at mine, $/ton 31.00 (estimated) 23.00
Delivered cost, $/ton 33.00 25.00
Energy price, $/MBtu 2,16 1.63

The prices quoted are very optimistic because they are from a new
company that is not yet in operation. If the above coal is not
available when a coal-conversion fnroject is completed, then coal
would have to be purchased from the only supplier that is currently
in operation, at a delivered price of about $44.00/ton ($2.81/MBtu)
for ROM coal. This would make coal conversion unattractive because
coal would cost more than gas.

ENVIRONMENTAL REGULATIONS

6.1 Air Pollution Emission Limits for New Sources

The Air Quality Control Regulutions of Alaska require that
fuel-burning equipment of the capacity being considered for
Elmendorf (one or more builers) be operated only after a permit
is granted. The application for a permit must include, in
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6.3

7

addition to other requirements (1) plans and specifications,
(2) an engineering report, and (3) a description of air-
quality-control devices. The Air Quality Control Regulations
classify the Anchorage urban area (adjacent to the base) rs a
nonattainment area (Class I) for carbon monoxide levels in the
ambient air. Hence, carbon monoxide emissions may not increase
significantly from current levels at the base uniess an otfset
is adopted for another pollutant. A significant increase is
defined in che national standards as 100 tpy. It is very
unlikely that a return to coal-firing would violate this emis-
sion rate; hence, the increase in CO emission would in all
probability not be significant.

With the exception of limited nonattainment areas for carbon
monoxide, the air and water quality in Alaska compare favorably
with most areas in the country. Therefore, the State govern-
ment has not legislated Alaska air emission or coal runoff
water standards but relies on applicable national standards for
emission control.

§0,. For boilers >100 MBtu/h: FBC — 90X reduction to meet

limit of 1.2 1b/MBtu; emerging technology — 50% reduction to
meet limit of 0.6 lLb/MBru.

NO,. For boilers >100 MBrtu/h: spreader stoker and FBC — 0.6
1b/MBtu; pulverized coal — 0.7 lb/MBtu.

Particulates. For boilers >100 MBtu/h: 0.05 lb/MBtu; opacity
must be <20X except for one 6-min period per hour of no more
than 27%.

Coal-Pile Runoff

EPA regulations for coal-pile rainfall runoff specify that the
pi of all discharges, except once-through cooling water, shall
be within the range of 6.0 to 9.0. The total suspended solids
limitation for the point source discharges of coal-pile runoff
is 50 mg/L.

Ash Disposal

The national standards for solid wastes classify coal ash as a
nonhazardous solid waste. The EPA does not regulate fly ash
and bottom ash waste. The only regulations Alaska has pertain-
ing to or affecting coal ash disposal are (1) general require-
ments for a solid-waste facility and (2) rules for issuing a
general permit for solid-waste disposal.

The general requirements for a solid-waste [facility are de-
signed to protect other standards governing the purity of
surface- and drinking-water supplies. Problems should not
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arise in this area if care is exercised in selecting a disposal
site. Obtaining a general permit from the state of Alaska for
disposal of solid waste should not present a problem since the
waste is nonhazardous.

OTHER CONSIDERATIONS

Wages for steam plant personnel look very high, about $17/h in 1980.
Nineteen people were listed for this 900-MBtu/h boiler plant.

No doubt coal has some special problems in Alaska because of freez-
ing temperatures. Also transportation difficulties and costs must
be considered carefully. Railroad trackage is in poor condition and
has been partially removed. No locomotive is available on base.
The base has an expandable landfill to satisfy solid-waste disposal
requirements.

COAL-CONVERSION PROJECT OUTLOOK

Based on the capacity factor analysis, the most economical coal
options would probably be to replace/refit two boilers. The maximum
load factor for conversion/replacement of two 150-MBtu/h units (375
MBtu/h fuel input for both units) would be =~0.80. If 90X coal
system availability is assumed, then the estimated overall capacity
factor for coal-firing will be 0.8 x 0.9 = 0.72,

8.1 Effect of Environmental Regulations on Selection of Combustion
Technologies

S0,. 50, removal is required because tie proposed project is
larger than 100 MBtu/h.

NOy. No special NO, reduction methods will be required for any
of the combustion technologies.

Particulates. Bag filters or electrostatic precipitators will
be required.

8.2 Physical Space and Aesthetics

Heating Plant. The existing plant was originally designed for
coal, There is space available for reinstalling combustion
equipment a% the existing boiler or for constructing a new
boiler at arother site on base.

Coal-Handling Equipment. There is spuce available for coal-
hardling equipment at the existing boiler.

Coal Pile. There is space available for a coal pile at the
existing plant or at a new site on base.
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8.3 Technical Risk of Combustion Technologies

The boilers were originally designed for coal, and the lowest
risk is for refit of stoker firing. However, the need for SO;
control increases the overall risk for that option, as well as
the other coal-combustion technologies.

COGENERATION PROJECT OUTLOOK

Cogeneration is currently being used at Elmendorf; hence, an evalua-
tion of its potential is not provided.
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10, INPUT AND LCC SUMMARY SPREADSHEETS

EIMENDORF AFR: 2 X 1350 MAtu/hr, FCONOMIC PARAMETERS w NOM{NAL VALUES
Total steam ocutput = 300,0 Mitu/hr
Boiler capacity factor = ,719
Muzber of units for refit = 2

Rydroted Lime prize(5/ton) » 40,00 COAL PROPERSIES
Ash dlaposal price (5/ton) = 10.00 R.O.M, Stoker
Electrlc price (cents/kkh) = 3,50 Ash frackion = (130 130
Labor rate (k$/yr) = 35,00 Sulfur fractlon = ,002 002
Limestons price (5/ton) = 20,00 BHV (Btu/lb) = 7650, 7650,
FUEL FRICES FUEL FRICES
Ratural gas price (S/iBtu) = 2,05 R.O.M. coxl (§/MBtu) = 1,83
#2 OLL price (S/MBtu) = 4.71 Stokex cosl (S/iatu) = 2,16
#6 0L} price (S/MBtu) = 20 Coal/H20 mix (§/MBtu) - 3,00
OPTIONS Coal/oil mix (S/MBtu) w 3,50
Scot blower sultiplier = ,0
Tube bank mod multiplisc = .0 Primary fuel is 3
Bottom ash pit multipller = 1,0 RATURAL GAS
S02 contrel multiplier = 1,0 1=45 0il, 2«42 OiL, I=NG
LIMESTONE/LYTME

Inert fraction = ,05

ECONCMIC PARAMETERS
Inflation & discounting base year = 1988
Gen infla {ndex (1987 to base yr) = 1,040
Gas infla index (1988 to base yr) = 1,000
011 infla index (1088 to base yr) = 1,000
Coal infla indox (1988 to base yr) = 1,000
Project stazt year = 1990
Project life (yr) » 30
Depreciation life (yz) = 15
Ganeral inflation rate (X/yr) = 0
Type of gas ascalation = egas
Type of oll escalation = eoil
Type of coal escalation ™ ecoal
Digcount rate (I/yr) = 10
Rate of return on invest (I/yr) = 17
Amount of working capital (month) = 2
Federal income tax rate (Z) = 34
Local prop tax (& insur) rate (Z) = 2

REAL ESCALATION RATE {2/yr)

TYPE OF FUEL lgss 1990 1985 2000 AND
FUEL ESCALATION =1880 ~ i ~2000 BEYOND
Gas egas 3.89 8,07 5.77 5.77
ol woll 4.86 7.87 4,16 4.16
Cosal ecoal 1.16 2.31 1.19 1,18

3:45 P Oct 24, 1988
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ELMENDORP AFB: 2 X 150 MAtu/hr, FOOWOMIC PARAMETERS = WOMTNAL VALUES
Total steam cutput = J00,0 Mitu/hr Cost base yeax = 1088
Boiler capacity factor = ,710 Primary fuel » NATURAL GAS

Number of units for refit = 2

ANRUAL COSTS
¢ TFUEL/ FUEL TOTAL MAINT OTUHER
OF STEAM TFPRICE CAPITAL FUEL o&H oO&M
JECHNOLOGY UNITS EFF  $/MBtu_ _ k$§ k3 k$ k3
Natural gas boiler - ,80) 2.05 .0 A341,9 AAJ,2 817.8
#2 Oll fized boiler == ,800 4,7} 0 11124.6 4432 817.8
$#6 O{1 fired boller o~ 800 .00 0 0 .0 .0

Micronized coal refit 2 800 1,83 9386,9 J849.9  724,1 1574.8
Slagsing burner xefit 2 ,800 1,63 16028.4 3840.9 724.1 1573.8
Yodular FBC refit 2 ,700 1,63 1835%,8 J898.7 667.0 1A06.4
Stoker firing refit 2 L0 2,16 16257.6 S515.4 1050.0 1367.3
Coal/water slurry 2 ,750 .00 6606.0 7558.1 667.9 1361.9
Coal/oll slurry 2,780 .50 7728,6 BA78,7 331 9 11.0
Low Btu gasifier refit 6 (639  2.16  27376.7 6197.1 616.0 3377,1
Packaged shell stoker 6 740 2,16 26076.7 5513.4 1060,0 1806.2
Packaged shell FBC 6 .760 1.63 25007.4 4052.5 667.9 1737.8
Fleld erected atoker 1 .780 2,16 24711,4 5232.6 1055.9 1386.5
Fleld exected FEC 1,800 1,63 32300,.686 840,89 775.7 1358.8
Pulverized coal boller 1,800 1,63 28117.7 J849,0 1175.9 1480.8
Circulating FBC 1 ;810 1,63 28500.3 J802.4  683,9 1470, 6
ATR FORCE PROJECT PRIVATE PROJECT
LIFE LIFE
. CICLE CYCLE
cosT, DISCOUNTED CosT,
COAL DISCOUNTED BENEFIT/ PAYBACK DISCONNTED DENEFIT/
¢ C7 USE, AS SPENT COST PERIOD, AS SPENT COST
TECHROLOGY UNITS ton/yr .13 RATIO yr xS RATIO
Natural gas boller - - 95,354 1.000 <=== Existing system, primary fuel
#2 011 fired boller e - 179,723 -
#6 Oi1 fired boiler = - 0 ==
Micronized coal refit 2 154,374 62,462 1,527 8.5 66,800 1,386
Slagging burner refit 2 154,374 67,951 1,403 12,0 77,676 1,228
Modular FBC refit 2 156,328 69,143 1,379 2.9 80,032 1,101
Stoker firing refit 2 166,890 86,653 1,100 23.2 97,019 .083
Coal/water slurry 2 164,665 94,382 1,010 30.0 101,288 841
Coal/oll slurry Not evaluated
ow Btu gasifier refit [ 187,517 112,341 . 848 >31 128,846 ;740
Packaged shell stoker 6 166,890 97,373 .0879 >31 113,259 842
Packaged shell FBC 6 162,498 78,115 1.221 18.2 02,541 1,030
Fleld erectes stoker 1 158,332 88,630 1,064 25.9 104,194 ,915
Field erected FEC 1 154,374 71,929 1,326 14,7 84,823 1,124
Pulverized coal hoiler 1 154,374 81,256 1.174 20.3 97,241 .881
Circulating FBC 1 152,468 76,471 1,247 17,6 92,507 {.031

3:45 B Oct 24, 198b




H 0 tu/he, F
Total stean output = 300,0-
Boiler capacity factor = .719
Nuzber of units for xefit = 2
Hydrated lime price(S/ton) = 40,00
Ash disposal price (8/ton) = 10.00
Electric price (centa/kWh) = 3,50
Labor zate (k3/yr) = 35,00
Limestone price (3/ton) = 20.00
FUZL PRICES
Natural gas price (S/MBtu) = 2,05
#2 OiL price (5/MBtu) = 4,71
¢#8 OiX price (S/MBtu) = .00
OPTIONS
Soot blower pultiplier = ,0
Tube bank mod multiplier = .0
Bottom ash pit multiplier = 1.0
502 control sultiplier = 1.0
LIMESTONE /LIME
Inext fraction = ,05

ECONCMIC PARAMETERS
Inflation & dizcounting hase year =
Gen infla index (1087 to base yx) =
Gas infla index (1988 to base yr) =
01l infla index (1068 to base yr) =
Coal infla Iindex (1088 to base yx) =
Project start year =
Project life (yr) =
Depraciation life (yr) =
Goneral Inflstion rate (X/yr) =
Type of gas eacalation «
Type of oil escalation =
Type of coal ercalation ~
Discount rate (X/yr) =
Ratas of roturn on invast (X/yr) =
. mt of working capital (month) =
Faderal fncome tax rate () =
Local prop tax (& insur) rate (2) »

82

- 7
Mitu/hr

COAL IROIERTIIES
R.O.M, Stoder
Ash fraction = 139 .130
Sulfur Lzaction = ,002 .002
HHV (Btu/lb) = 2650, 7850,
FUZL IRICES
R.OM. coal (5/MBtu) = 1.6) -
Stoker coal (3/i3tu) « 2,16
Coal/H20 wix (8/M3%) = 3,00
Coal/oil mix (S/iBtu) = J.50

Primary fuel iz 3
NATURAL GAS
1=46 U11, 2~42 Q11, 3I=NG

1088
%.040
1,000
1,000
1,000 -
1990
30

15

0
egas
eoll
ecoal
10

17

34

REAL_ESCALATION RATE (2/yr) -
TYPE OF FUEL 1088 1980 1095 2000 AND
FUEL ESCALATION _ _-1990 -1995 ~2700 BEYOND
Gas agas 2,28 4.70 5,49 2,75 -
oLl aoil 17 4.16 5.55 2.77
Coal ecosl 1,46 1,76 1.61 .81

3:52 P4 Oct 24, 1988
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FLMOXDORY AFB: 2 X 130 MAtu/br, YUEL RFAL ESCALATION = AYO 1987
Total steam output = 300.0 M3tu/hr Cost bane year = 1088
Boller capacity Lactor = ,710 Primary fuak ~ NATURAL GAS

Nu=ber of units for xefit = 2

ANNUAL €0S7S
¢ FUEL] FUEL TOTAL MAINT NTBER
OF SIFAY FRICE CAPITAL  FUEL oLy o&Y
JECENOLOGY. UNITS _EFF_ 3/MBtu k3 3] 3 X3
Natuzal gas boiler -= 800 2,05 .0 4841,9  &43.2 817.8
#2 OI1 fired bofler == 800 A7) .0 11124.6  403.2 817.6
45 O] {ired bojler  -- 800 ,00 ,0 0 £ ,0

Micronised cosl refit
Slagging bhurner refit
Hoduler FAC refit
Stoker firing refit

2 .800 1.6) 9386.0 J840.9 2401 15373.8
2 800 1,63 16020.4 Q840,00  724,1) 1573.8
2,790 1.63 10)51.6 J808.7 667.0 1486.4
2,20 2,16 16257.6 3515.4 1C60.0 18673
Coaljvater slurxy 2 .75 .00 8606.0  7538.1 867.¢9 1361.0
Coal/oil slurry 2,780 3.50 7728.6 8478,7 511.9 1133.6
Low Btu casiffer vofie 6 830 2,16 27378.7 6107,: 816.0 N7

8

6

1

1

1

1

Packaged shall atoker 740 2,16 28976.7  5515.4 1060.0  1806.2
Packagad shell FBC 760 1,83 25097,.4 40352,5 667.9 1737.8
Fleld azected atoker T80 2,16 247114 5232.6  1055.9  1396.5
Tield azected FEC L8000 1,63 22)00.8 84R.9  775.7 1353.8
Pulverized coal boiler 00 1.8 28117.7 849,80 1175.0 1480.8
Circulating FRC L0610 1,63 28300,3 802,44 6R),0 1470,6

AIR FORCE PROJECT FRIVATE FROJECT .

LIFE LIFE

CiICLE CYCLE

€051, DISCOUNTED cosT,

COAL DISCOUNTED BENEFIZ/ PAYBACKR DISCOUNTED BENEFIT/
# OF USE, AS SPENT CosT PERIOD, AS SPENT COST

JECHNOLOGY UNTTS ton{vr x$ _RATIO yr ks RATIO
Hatural zas boller - - 70,854 1.000 <=-=~ Existing system, primary fuel
#2 011 Lired boller - - 141,045 -
$6 Of) fired hoiler = = 0 -
Micronized coal refit 2 154,374 61,850 1,146 143 €s8,170 1.039
Slagging _urnar rofit 2 154,374 67,339 1.n52 22.9 77,046 .920
Hodular FBC refit 2 156,328 68,523 1,034 25.3 79,395 802
Stoker firing refit 2 166,890 85,776 826 >31 96,117 137
Coal/water slurry 2 164,665 93,160 . 760 >31 100,052 ,708
Coal/oil slurry Hot evaluated
Low Btu gasifier refit 6 187,517 111,355 836 >31 127,832 LS54
Packaged shell stoker 8 166,890 96,486 734 >31 112,357 ,631
Packaged shell FBC 6 162,498 77,470 015 >31 91,878 771
Field exected stoker 1 158,332 88,798 .798 >31 103,339 .686
Fleld orected FBC 1 154,374 71,217 904 >31 84,1904 842
Pulverized coal boiler 1 154,374 60,644 ,879 >31 96,611 ,733
Circulating FBC 1 152,468 15,887 1034 >31 - 91,8835 , 771

3:52 Y Cct, 24, 1988
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ELMEXDORF AYY; 2 X 130 MMtu/hr, FURL RESY, ESCALATION = ZFRO

Total stesa output =

Boller capacity factor =

Huzher of units for refit =

liydrated lime price(S/ton) =

Ash disposal price (S/ten) »

Electric price (conts/xWh) »

Labor rate (kS/yx) =

Lizeatone price (9/ton) =

FUEL PRICES

Natuzal gas price (8/138tu) =

#2 OlL price (5/13tu) =

€4 OLL price (5/13tu) »

orTIons

Soot blower swltiplier »

Tube 2ank mod sultiplier «

Bottoa ash plt multiplier =

£02 control multiplier =
LIMESTONZ /LIME

Inert {raction =

ECONCHMIC PARAMETERS

300.0
8
2
40,00
19.00
3.3
33.00
20,00

2.03
AN
.00

.0
.0
1.0
1.0

<03

Inflation
Gen intla
Gaa infla
04l infls
Cosal intla

& discounting base year »
index (12087 to base yr) =
indox (1088 to baae yr) »
index (1988 to base yr) =
index (1988 to base yg) =

Pzoject atarl year =

Project life (ys) =
Daprociation Life (yr) »

General inflation rate (2/yr) =

Type of gas escslation =

Type of oil eacalastion =

Type of coal escalation =
Discount rate (X/yz) =

Rate of return on invest (X/yr) =

¥atu/he

COAL IROVEXTIES
ROY, Sgokeg
Ash fraction =~ ,139 138
Sulfur Lxaction = ,002 002
HEV (Btu/lb) «~ 7650, 7630,
FULL PRICES
R.O.H4, coel (3/MBtn) = 1,63
Stokar cosl (3/M3tu) » 2,16
Coal/li20 aix (5/13tu) =~ 3,00
Cosl/oil mix (5/MBru) = 3,50

Primacy fuel ix 3
MATURAL CAS
1=46 011, 242 011, J=XG

1983
1.040
1,000
1.600
1.060
1930
30

13

0
2erc

2010
200

10
17

Anount of working capital (month) = 2
Fedexal incoce tax rate (1) = 3k
Lockl prop tax (& insyr) rate (I) = 2

REAL_ESCALATION RATE (Z/vyr)

TYPE OF FUEL 1988 1990 1995 2000 AND
FUEL ESCALATION -1990 =~1995 =2000 BEYOND
Gas zexo0 0 0 0 0
0il zero 0 '] 0 ]
Coal 2erxe 0 0 0 0

3:59 P Oct 24, 1068
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JEL, _RE

Total stoan ocutput = 50,0 Mdtu/he
Boller capacity factor =
Hesber of units for refit » 2

710

e

Coat bass year = 1088
Primary fuel = HATURAL GAS

ANBUAL CORYS
¢ JFUEL/ FUEL TOTAL HAINT OTHER
Oc STEAM PRICE  CAPITAL  FUEL O&H O&H
JreysoLosy UNITE BFF  Gjidry x$ x3 k3 b1
Hatural gas boller == L0080 2.03 0 4841,0 43,2 817.8
¥2 Q4L fLized boller = 800 4. 71 .0 11123.6 443.2 817.8
£8 011 {iged Poilor == 090 00 20 0 0 .0
Hicronized coal xefis 2,800 1.8 9385.8 840,98 724.) 151.8
Slagging bumer zefit 2 800 1.8 18028.4 Q840,90 724.}) 1573.8
Hodular FEC refit 2 .70 1.63  18351.8 d098.7 667.9 1488.4
Stoker {iring refit 2 40 2,16 16257.6 5515.% 1060.0 15873
Coal/water alurry 2 .7% 3.00 8096.0 7558.1 3672.9 1361.0
Coal/oll aluzzy 2 .80 .50 7728,6 8478.7 1.9 1133.6
Low Bru pasifier gofis B8 659 2,16 27378,7 B81907,1 618.0 33721
Packaged shell astoker 6 740 2,18 26078.7 5515.& 1660.0 180G0.2
Packaged shell FBC 6 .780 3.0 25007.4 4032.5 €52.% 1737.8
Field orented stoker 1 .780 2,16 247114 5232.6  1055.9  1386.5
Field exected FXC 1 .800 1.6 22303.0 0.9 2257 1358.8
PulverSized cosl botlear L1 800 1,63 28112.7 J84Y.0 1175.0 1480.6
reulatin 810 [&] $400,3  JAN2.4 6RO 470
AR_FORCE YRQJIECT PRIVATE ?ROJECT
LIFE LIFE
CYCLE CYCLE
cosT, DISCOUNTED CO3T,
COAL DISCOUNTED RENEFIT/ PAYBACK DICCOURTED RENEFIT/
4 CF USE, AS SPENT cosT PERIOD, AS SPENT CosT
JECINOGLOGY UNITS tonfyr 3] RATIO ¥r x$ PATIO
Natural zas holler = = 48,057 1.000 <=== Existing systems, primary fuel
#2 Oi1 fired boiler - == $7,005 -
426 01) fired bniler = = 0 -
Micronized coal refit 2 154,374 56,488 .831 >31 62,655 .167
Slagging burnar refit 2 154,374 61,927 775 >3% 71,332 .872
Hodular FOC refit 2 156,328 63,003 .762 >31 3,811 651
Stoker firing refit 2 165,890 78,084 .615 >3 88,218 S45
Coai/water slurry 2 164,065 82,633 .581 »31 89,227 .539
Cosl/otl slurrcy Not evaluated
Low Btu pasifier rofit 8 187 517 102,724 468 >31 118,057 404
Packaged shell stoker 8 166,890 85,814 .541 31 104,457 .A60
Packaged shell FEC 6 162,498 71,826 .669 >31 86,074 +558
Fleld exected stoker 1 158,332 81,510 .590 >3 95,844 501
Fleld arected FBC 1 154,374 65,055 .729 >31 78,679 .511
Pulverized coal boller 1 154,374 75,282 .638 >31 91,097 .528
Cirecvlating FRC 1 152 468 70,571 681 >31 868,439 556
3:59 ™ Oct 24, 1988
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HILL AFB: AFLC
BACKGROUND

Hill AFB is loucated near Ogden, Utah. There are about 13 steam
plants located on this base, with plant No. 260 being by far the
largest fuel user (yearly average is ~115 MBtu/h), Beiler plant
No. 825 is the second largest fuel-using heating facility, but it is
probably too small for coal co be an economic option.

Boilers at both heating plants are water-tube-type units which
produce 100 psi steam and are designed for distillate oil and
natural gas-firing. Natural gas is presently the primary fuel.
HEATING PLANT UNITS

Heating Planct Ho. 260:

2 x 28.5 MBtu/h, Cleaver Brooks, 1975
4 x 33.5 MBtu/h, Union Iron Works, 1955
2 x 33.5 MBtu/h, Erie City, 1962

Heating plant No. 825:

3 x 40.2 MBtu/h, Murcay Ivon, 1957
IDEAL CAPACITY FACTOR ANALYSIS

The ideal capacity factors listed below were calculated from monthly
fuel use data f[or plant No. 260.

FY 1985
Fuel ideal
input capacicy
(MBtu/h) factor
30 0.83
50 0.81
70 0.75
90 0.71
120 0.67
150 0.64
180 0.61

ENERGY PRICES

FY 1986 Price Data:

Electricity = 5.2¢/kWh
Distillate = $5.92/MBtu
Natural gas = $2.85/MBtu
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Guernsey and Co. Sur- i

Electricity = none given
Distillate = $5.63/MBtu
Natural gas = §2.97/MBtu

5. COAL PROPERTIES AND PRICES
Stoker ROM

Origin Ogden, Utah Ogden, Utah
HUY, Bru/lb 11,900 11,650
Z Ash 8 8
% Sulfur 0.6 0.6
Z Nitrogen 1.4 1.4
Ash-softening temperature, °F 2300 2300
Swelling index 2-2.5 2-2..5
Top size, in. 11/2 2
Bottom size, in. 1/4 0
Fines, X 1 35
Grindability index 48-50 48-50
Cost at mine, $/ton 23 20
Delivered cost, $/ton 3 28
Energy cost, $/10% Bru 1,30 1.20

6. ENVIRONMENTAL REGULATIONS

6.1 Air Pollution Emission Limits for New Sources

Best Available Control Technology (BACT) is required on all
sources for all types of air emissions. The EPA New Source
Performance S5tandards are considered as the minimum control,
and BACT may be more stringent. This is determined on a case-
by-case basis.

6.2 Coal-Pile Runoff

The coal pile will have to le contained within the property,
and the runoff will have to drain into a wastewater system (or
pond) for treatment. No discharge into rivers will be per-
mitted.

6.3 Ash Disposal

There are no specific rules for coal ashes, and they may be
disposed of in an approved sanitary landfill.

OTHER CONSIDERATIONS

A study should be done to see if some of the smaller steam plants
could be eliminated by using a better steam distribution system.
Air-quality constraints appear to be strict.
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COAL~CONVERSION PROJECT QUTLOOK

The most probable project for plant No. 260 would involve refit/
veplacement of threa 33.5-MBtu/h boilers. The boilers would have to
be derated to 25 MBtu/h each becauge they were originally designed
for No. 2 oil. Low gas prices will probably prevent any coal con-
version project from being ecconomical at this time.

An overall load factor of about 64X is estimated for refit/replace-
ment of three 25-MBtu/h units {equivalent to ~94 MBtu/h total fuel
input), assuming 902 availability.

8.1 Effect of Environmental Regulations on Selection of Combustion

Technologies

S0,. Since the best available Control Technology is required,

90X SO, reduction will be required for dry coal combustion, or
deep-cleaned, coal-water mixture will be required.

&

NO,. Measures will have to be taken to minimize NO, for any of
the combustion technologies employed.

Particulates. Bag filters or electrostatic precipitators will
be required.

8.2 Physical Space and Aesthetics

lleating Plant. The existing hoiler plant was originally de-
signed for No. 2 oil. There is only enough space available for
installing coal-water-mixture combustion equipment at the
existing boiler or for construction of a new boiler at another
site on base.

Coal-Handling Equipment. There is no space available for
installing dry coal-handling equipment at the existing boiler
plant, but there is enough space for installing coal-water-
mixture equipment.

Coal Pile. There is no available space for a coal pile at the
existing boiler plant, but there is space at another site on
base for a coal pile and a new coal-fired boiler.

8.3 Technical Risk of Combustion Technologies

The existing beilers are designed for No. 2 oil- or gas-firing
and therefore are only suitable for conversion to coal-water-
mixture firing. The technical risk is fairly high because of
limited experience of coal-water-mixiure firing of No. 2 oil-
designed boilers.
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COGENERATION PROJECT OUTLOOK

The prospects for a ccal-fired cogeneration system appear to be
somewhat marginal. The base has a high minimum smonthly average
electric load, 15 MWe, but the price of electricity is moderate
(5.2¢/kWh). Based on the FY 1986 energy-use data, a cogeneration
plant with a boiler rating of 91-MBtu/h output and a 6.7-MWe turbine
generator would have an electrical power capacity factor of 90X and
a peak thermal output of 63 MBru/h, with a thermal energy capacity
factor of about 65X if used as a baseload heating plant. A water-
tube boiler with a steam rating of 1450 psia and 950°F would be the
most suitable boiler for this cogeneration system.
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10, INPUT AND LCC SWR®ARY SFREADSHEIETS

. - Y
Total atems outpul = 75,0 Mitu/he
Boller capacity factor = ,635
Nuaber of units for refit = 3

Rydzated lime prica(8/ton) = 40,00 COAL PROPERYY
Ash disposal price (3/ten) = 10.00 R.0.H4. Sioker
Electric price (conts/khwh) =~ 5,20 Ash fzer  on = 080 O8N
Labor zate (k3/yx) o 35,00 Sultur fre .on = ,00€ .008
Limestone price (S/ton) = 20,00 HHV (3 [1b) = 11630, 11800,
YUZL PRICES YUEL PRY(
Natural ges prica (§/MBtu) = 2,97 R.0,4. coal { {Btu) » 1,20
#2 OL) price (S/MBtu) = 4. 7% Stoker coal /4 Btu) = 1.0
#6 Ofl price (8/MBtu) = .00 Coal/H20 mix (8/tBtu) =« 3,00
orrions Coal/oil mix (S/MBLu) = 3.50
Soot blower multiplier = 1,0
Tube bank mod swultiplier =« 1.0 Pzimary fuel is 3
Bottom ash pit multiplier = 1.0 NATURAL GAS
502 control multiplier = 1,0 1=4#8 0L}, 2«42 Oll, 3=NG
LIMESTONE/LIME

Inert Zraction = .05

REOONOMIC PARAMETIRS
Inglation & discounting base year = 19838
Gen infla index (1887 to base yr) = 1,040
Gas infla index (1988 to base yr) = 1,000
Oil infla index (1983 to base yx) = 1,000
Coal infla Index (1838 to basze yx) = 1,000
Project start year = 1890
Project life (yr) = 30
Depreclation life (yr) = 12
Generxal inflation rate (X/yr) » 0
Type of gas escalation = egas
Type of oll escalation = eoil
Type of coal escalation = ecoal
Discount xate (X/yx) = 10
Rate n{ return on invest (X/yr) = 17
Anount of working capital (month) = 2
Federal income tax rate (I) = 34
Local prop tax (& insur) rate (X) = 2

REAL ESCALATION RATE (X/vr)

TYPE OF FUEL 1988 1990 1985 2000 AND
FUEL ESCALATION -1990 =-1995 -2000 BEYOND
Gas egas 3.89 8.87 5.77 5.77
0i1 esoil 4,86 7.87 %4.16 4.16
Coal acoal 1.16 2.31 1,19 1.19

4:58 M Oct 19, 1988
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FILL AFR: 3 X 33 MALufhr, RCOWONIC PARAMETIRS - BOMINAL VALUES
Total steam output = 75,0 MBtu/hr Coat bese yoar ~ 1988
BRoiler capacity factor = ,835 Primary fuel » NATURAL GAS

Huber of units for refit = 3

ANNUAL COS3S
¢ FUEL;  FUEL TOTAL HAINT OTHER
OF STEA4 FRICE CARITAL  FUIL O&H Q&M
JECHRNOLOGY UNITIS_EFF__Q/MRty  +- TV 1] ¥3 X3
Natural gas boiler -~ J800 2.9 N 1548.,8 206.8 335.8
#2 Ol fixed boiler == 800 4,71 0 2456.2  208.4 535.6
28 011 ired boller == 800 .00 0 ) 0 0

HMicronized coal refic 3 0800 1,20 3440,5  625.8 440.8 935.9
Slagging burmer refit 3 800 1.20 8887.9 625.8 440,08 935.¢
Modular FBC xefit 3 .780 1,20 10055.0 63,7 405.5 905.2
Stoker firing zefit 3 740 1,30 8072.0 732.9 830.7 923.6
Coal/water slurcy 3 750 23,00 S411.4  1865.8 403,55 802,2
Coal/oil alurzy 3 .80 3,50 4453,0 1872.0 J22.8 738.2
8 3 2 74,0 0
Packaged shell stoker 2 740 1,30 47,4 132.9 630,7 860.1
Packaged shell FBC 2 .80 1,20 7283,5 6s8.?7 405.5 8440
Fleld erected stoker 1,780 1,30 10138.7 895.3 628.2 750.3
Fleld exected FBC 1 .800 1,20 245,13  625.8 470.9 7447
Pulverized coal boiler 1 ,800 1,20 11543.5 8235.8 701.0 802,7

Circulating FBC 1 810 1,20 4 40 500
AR FORCE PROJECT PRIVATE PROJECT

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COsT,

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/
¢ CF USE, AS SPENT COST PERIOCD, AS SPENT COoST

JECHNOLOGY UNITS ton/yr x$ RATIO N2y x$ RATIO
Natural gas boller m- n- 33,218 1,000 <=== Existing system, primary fuel
#2 011 fired boller L - 43,422 -
46 04} fired boller == - 0 =

Micronized cosl xefit Not applicable because of space limitations
Slagging burner refit Not. applicable because of space limltations

Hodular FBC refit Rot applicable because of space limitations

Stoker firing refit Not applicable bacause existing boilers wese designed for #2 oll
Coal/water slurry 3 23,874 29,938 1.110 22,0 33,420 .084
Coal/oll slurry Not evaluated

Low Btu gasifier refit Not _applicable because of space limitations

Peckaged shull stoker 2 23,688 25,590 1,298 15.0 30,085 1.104
Packaged shell FEC 2 23,550 22,358 1.486 11,0 26,526 1,252
Field erected stoker 1 22,473 26,355 1,260 16.8 32,045 1,037
Fleld erected FBC 1 22,382 23,500 1,414 13.0 28,664 1.159
Pulverized coal boiler 1 22,382 27,808 1,180 19.5 34,317 .968
Circulating FBC 1 22,105 24,824 1.338 15.1 30,9049 1,073

4:58 PM Oct 19, 1988
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¥u: 3 X h "
Total steam gurput = 75,0  HBtu/hr
Botler capacity factor = 635
Buzber of units fox refit w3

Uydzated lime price{3/ton) = 40,00 COAL IROPERTILS
Ash disposal price (§/ton) = 10,00 R.O.M, Stoker
Electric price (cents/kWh) « 5 20 Azh fraction = ,080 080
Laboz rate (k§/yzr) = 38,00 Sulfur Lzaction = 006 .008
Linaztona price (5/ton) = 20.00 HHV (Btu/lb) = 31650, 11000,
UEL PRICES FUEL PRICES
Natuzal gas prlce (5/Mtu) = 2,97 R.O.H, coal (5/MBtu) = 1,20
#2 01} price (5/MAtu) » 4. N Stoker coal {$/hStu) = 1,30
48 01l price (3/iDtu) = .00 Coal/H20 mix ($/4Btu) = 3,00
oPTIONS Coal/oll mix ($/tBtu) = 3,50
Soot blower multiplier = 1,0
Tube bank mod multipliar » 2.0 Primary fual is J
Jottoa ash pit multipliexr = ).0 NATURAL GAS
£02 control multiplier » 1.0 1##6 Of1, 2=#2 Oi1, J=NG
LIMESTONE /LIME

Inert fracticr = ,05

FOONCHIC PARAMITERS
Inflation & discounting baze year = 1088
Gan Infla index (1287 to bass yr) = 1.040
Gaz infla indaox (1886 to basz yr) = 1,000
OfL infla index (1988 to baae yr) = 1,000
Coal iInfla index (10388 to basa yr) » 1,000
Projact stact year = 1980
Project life (yr) = 30
Depzaciation life (yzr) » 15
Genaral inflation rate (X/yr) = 0
Type of pru escalation = egas
Type of oi) escelation = eoll
Type of coal escalation = ecoal
Discount sate (X/yr) = 10
Rate of raturn on invest (X/yr) = 17
Amount of working capital (month) » 2
Federal inc me tax rate (X) = 34
Local prop tax (& ansur) rats (2) = 2

REAL ESCALATION RATE (2/vr)

TYPE OF FUEL 1288 1690 1005 2000 AND
FUEL ESCALATION =1890 =1995 =2000 BEYOND
Gas ezas 2,28 4,70 5,49 2,75
oiL woil .17 A.16 5.55 2.77
Coal ecoal 1,46 1.76 1,61 .81

5:04 M Oct 19, 1988
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Total steas outpud = 75.0 Mitu/hr Cost base yaar = 1953
Boilex cepacity facter » 633 Primary fucl = NATURAL GAS

Nuc=her of units for zefit =)

ANBUAL C3TS

¢ FUEL/) FUEL  TOTAL HAINT  OTHER
- OF STEAM FRICE CAPITAL FUEL OAY O&H
TICHNOLOGY UNITS EFF___S/iDte k3 x3 X3 x3
Natuzal gas boiler == ,800 2,97 0 1548,6  208.8 335.6
#2 011 fired boller == ,800 4N .0 2486.2  206.8 333.8
v 46 01} {ired boiler == 800 _ .00 0 9 0 0
Hlcronized coal zofit 3 800 1.20 3440,5 625.8 Ak0. 6 035.9
Slagging buzmer refit 3,800 1,20 8867.9 623.8 £40.8 935.9
Modular FBC rxefit 3 790 1,20 10033.0 &N.? 405.5 005.2
Stoker Lirlng reflie 3 740 1,30 8072.0 ?232.89 630.7 923.8
Coal/vater slurcy 3 750 300 S411.4  1663.8  405.5 402,2
Coalfoil sluxzy 3 .80 13,50 A48),0  1872.0 122.9 738.2
Low Btu gasifier vefis 3 639 1,30 2971,8 823.3 37,0 1310,5
Packaged shell stoker 2 740 1,20 7.4 12,8 830.7 860.1
Packaged shell F3C 2 ,760 1..20 7263.5 638.7 405.5 844,0
Fleld srectad sioker 1 .780 1,30 101358.7 695.3 628.2 750.3
Fleld erecred FC 1 .800 1,20 0245.) 625.8 470.9 T54.7
~ Pulverized coal bollexr 1 .800 1,20 11543,8 625.8 701.0 832.7
Circulating FBC ] 830 3,20 31141,2 818.1 493.0 200.8

AIR FORCE PRAJECT VA {o}]
LIF2 LIFE
CYCLE cYcL:
CoS7T, DISCOUNTED CosT,
COAL DISCOUNTED BENEFIZ/ PAYBACK DISCOURTED DBENREFIT/
¢ OF USE, AS SPENT €osT PERIOD, AS SPENT cosT
JECHNOLOGY URITS ton/yg k3 RATIO YL ¥$ RATIO
Natural gas boiler e - 25,381 1.000 <=== Exiating system, primary fuel
#2 01} fired boiler e - 34,882 -
46 011 fired boljer ad =- 0 ==
Micronized coal refit Kot applicable because of space limitations
Slagging burner refit Not applicable baceuse of space limitations
Modular FBL refit Not spplicable because of space linitationi
Stoker Liring refit Hot applicetble becausx existing boilezrs wers designed for #2 oil
- Coal/water slurry 3 23,874 29,673 .855 > N, .766
Coal/oil slurry Not svaluatad
Low Btu gasifier refit Not_applicable because of space limitations
Packaged shell stoker 2 23,688 25,473 984 >31 28,965 J847
. Packaged shell FBC 2 23,569 22,254 1,141 16,7 26,019 .961
Fleld erected stoker 1 22,473 26,244 .867 >31 31,901 .795
Field crected FBC 1 22,382 23,400 1,085 20.8 28,562 .889
Pulverized coal boiler 1 22,382 22,878 .913 >31 34,214 742
Circulating FEC 1 22,105 24,726 1,026 26,8 30,848 823

5:04 MM Oct 19, 1988
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HILL AFR: 3 X 23 Wtu/or, YUZL REAL ESCALATICN = IR0
Total steam cutpul = 25,0 MBru/hr
Boiler cspacity fastor « ,835
Nueber of units fox refit = 3

Bydzated lizo prlce(S/ton) = 40,00 COAL PROPERIIXS
Ash disposal price (3/ton) » 10,00 RO.M, Stoker
Electric price {cenvs/XkWh) = 5,20 Ash Lraction » 080 080
Labor rate (k3/yzr) = 35,00 Sulfur fractlon = ,008 908
Limestony price (8/ten) » 20,00 RHY (Btu/lb) = 118653, 11900,
FUEL PRicrs TUEL IRICES
Natural gas price (3/18tu) ~ 2,07 R.O.H, coal (3/K) 1 = 1,20
42 OLL price (S/MBtu) = 4,31 Stokex coal (5/MBtu) ~ 1,30
#8 04X prica (8/M3tu) = .00 Coal/H20 alx (5/MAtu) = 3,090
orzIons fLoal/oil mix (8/MBtu) = 3,50
Soat blower sultiplier = 1.0
Tube bark mod maltiplier = 2.8 Primary fuel is 3
Bottom ash pit sultiplier = 1,0 MATURAL GAS
S02 control multiplier = 1.0 1-48 Q{l, 2=#2 Of1, 3I=NG
LIMESTONE/LIME

Inert fragtion » .05

ZOCHOMIC PARAMETIRS
Inflation & discounting base year « 1088
Gen infla index (1087 to bass yz) =~ 1,040
Gas Infla index (1008 to hase yr) = 1,000
011 infla index (1888 to base yr) = 1,000
Coal infla index (1988 to base yr) = 1.000
Project start yesr = 1990
Project life {yr) = 30
Depreciation 1life (yr) = 13
General inflation rate (X/yz) = 0
Type of ga» escalation = zexo
Type of oll escalation « zexo
Type of coal escalation » zero
Diacount rate (X/yr) = 10
Rate of return on invest (X/yr) = 1?7
Amount of working capital (menth) » 2
Fedaral Inzome tex rate (1) = 34
Local prop tax (& insur) rate (X) = 2

——BEAL ESCALATION RATE (Tf¥r)

TYPE OF FUEL 1088 1090 1995 2000 AND
FUEL ESCALATION  _=-19990 =1995 ~2000 BEYOND
Gas 28z0 0 0 0 0
o1l zero 0 0 0 0
Coai zero 0 0 0 0

5:08 P4 Oct 19, 1988
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Total ateam output = 73,0 MAtufhr Cost hase Yeaz = 1088
Boiler capacity fsctor » .535 Primary fuel = NATURAL GAS

Number of units for xefit = 3

——ANNUAL COSTS
¢ TUEL/ FUEL  TOTAL HAINT  OTHER
OFf STEAM FRICE CARITAL TFVEL O&M O0O4&lH
JECENCLCOY %138 I Shdsu. X8 X3 X3 ¥3
Natural gas bollsc -~ 800 2.87 0 1548.8  206.8 333.6
$#2 Oi1 £ized dotler -~ 830 4N 0 2856.2  208.8 $335.6
25 01 Cired boller ~e 000 .09 2 .0 ") 0

Miezonized coal refit 3 830 1,20 3449.5%  €23.8 440,68 935.9
Slagsing buzner refit 3 800 1.20 2387.8  §25.8 LY1 N 935.9
Hodular IAC reffc 3 .200  1.20  10053.0 607 208,35 903.2
Stoker 2izing zefit I M 10 8072.6 M9 833.7 923.6
Coal/wates slurry 3 .28 300 54114 1858.8  105.5 802.2
Coal/oll slurcy 3 .80 .50 4453,0 1872.0  2:&.8 738.2
I3 9 74
Packaged shell staker 2,740 1,30 74,4 12,8 830.7 350.1
Packaged shell F2C 2 .60 1,20 7263.5 65007 4n%.5 844,0
Fleld ezncted stoker T .780 1,30 10138.7 695.3 828.2 150.3
1
1

Fleld erected F3C .800 1,20 9245.3  625.8 470.8 44,2
Pulverized coal boiler L300 1,20 11843,85  &25.8 701.0 202,7

Circulating I 1 2810 2,20 11141,2  §19.) 403,0 $00.8
AIR FORCE PROJECT —TRIVATE PROJECT
LIFE LIFE
CcYcLy CYCLE
cosT, DISCOUNTED CosT,
CCAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/
¢ OF UsE, AS SPENT COoST PERI00, AS SPIXT cost
TECHNOLOGY UNITS yonf¥g X3 RATY" Yz x$ RATIO
Natuzal gas boller e - 18,080 1.000 <=== Ex{isting systsa, primagy Luel
#2 041 fired boiler - - 25,15) --

2

- e 0 -

Micronized coal refit Not applicable because of space limitations
Slagging burmer refit Not applicabie because of space limitetions

Modular FBC refit Xot :ppucabh because of space limitatione

Stoker firing refit Not applicable because existing boilers were designed for #2 oil

Coal/water slurry 3 23,074 27,349 .66} >31 30,757 583

Coal/oil slurry Not evaluated

Low Bty xasifier refit Not spplicable becauge of spice iimitetions

Packsged shell stoker 2 23,688 24,453 .740 >31 28,015 628

Packsged shell FBC 2 23,560 21,338 848 »31 25,475 ,710

Fleld sracted stoker 1 22,473 25,276 718 >31 30,035 583

Fleld erected F2C 1 22,382 22,529 .803 >31 27,685 B354

Pulverized coal boller 1 22,382 26,8238 672 >31 33,318 543
c ng FBC 22,10 23,865 2758 >31 29,963 504

5:08 MM Oct 19, 1988




2.

96

XELLY AFH: AFLC
BACKGROUND

Kelly AFB is located near San Antonio, Texas. The central heating
plant (building No. 376) has five water-tube boilers that burn
natural gas or No. 2 oil as the backup fuel; 125-psi steam is pro-
duced. The yearly average fuel use iz about 59 MBtu/h. Boiler
efficiency is 79-82%. No boilers were designed for coal. All other
boiler plants at Kelly are teo small for consideration.

HEATING PLANT UNITS

Heating Plant No. 1376:

2 x 54.5 MBtu/h, Babcock & Wileox, 1971
49.6 MBrtu/h, Babcock & Wilvox, 1976
2 x 50 MBtu/h, Vogt, 1954

IDEAL CAPACITY FACTOR ANALYSIS

The ideal capacity factors listed below were calculated from monthly
fuel-use data for plant No. 376.

FY 1985
Fuel ideal
input capacity
(MBtu/k) factor
40 0.99
50 0.95
60 0.87
70 0.80
80 0.72
90 0.65
100 0.59

ENERGY PRICES

FY 1986 Price Data:

5.2¢/kwh
$3.88/MBtu

Electricity
Natural gas

C. . Guernsey and Co. Survey:

Electricity = 5.1¢/kwWh
Natural gas = $4.0/MBtu
Distllate oil = $5.88/MBtu
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3. COAL PROPERTIES AND PRICES
Stoker ROM

Ocigin Lacedo, Tex. Laredo, Tex.

1y, Bru/ld 12,900 12,300

X Ash 10-12 12

Z Sulfur 1-1.5 1.1=§

X Nitrogen

Ash-softening temperature, *F 2250 2250

Swelling index 0 0

Top size, in. 1 3/8 2 /2

Bocttom size, in. 1/8 0

Fines, X 1015 15

Crindability index 28 28

Cost at mine, $/tonm 40 35

Delivaced cost, $/ton 51 46

Energy cort, §$/106 Btu 1.98 1.87

6. ENVIRONMENTAL REGULATIONS

6.1 Air Pollution Emission Limits for New Sources
50,. For boilers <100 MBtu/h: 3 1b/MBtu; focr boilers >100
MBtu/h: FBC = 90X reduction to meet limit of 1.2 1b/MBtu;
emerging technology =— 50X reduction €95 meet limic of
0.6 1b/MBLu.
NO,. No emission limits for boilers <100 MBtu/h; For boilers
>100 MBru/h: spreader stoker and FBC — 0.6 lb/MBtu; pulverized
coal — 0.7 1b/MBtu.
Particulates. For 50 MBru/h: 0.3 Lb/MBtu; for boilers >100
MBtu/h: 0.05 lb/HBtu.

6.2 Coal-Pile Runoff
Limic: Total suspended solids = 50 mg/L.

6.3 Ash Disposal

In most cases, coal ash is classified as nonhszardous solid
waste and may be disposed of in an approved sanitary landfill,
with approval by the State.

7. OTHER CONSID_RATIONS

None.
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COAL~CONVERSION PRFJECT OUTLOOK

The most likely project would be to refit/replace one boiler unit.
Existing beilers were designed for distillate oil and natural gas,
which may make refitting an existing boiler for coal-firing quite
difficuli, unless it is derated.

If one of the 54.5-MBtu/h units werc converted to coal and derated
to 43.5 HBru/h output (~54.5 MBru/h fuel input), the maximum capac-
ity factor based on monchly data would be coughly 91X. If equipment
availabiliey is assumed to be 90X, the overall capacity factor would
be somevhere near 82%.

8.1 Effect of Environmental Regpulations on Selection of Combustion

Technologies

S0, and NO,. Any of the combustion zechnologies being consid
ered could be employed (with 1.5% sulfur coal) without requir-
ing ary measurer [or NO, or SO, reduction because the proposed
conversion project is smaller than 100 MBru/h.

Particulates. Bag [ilters or electrostatic precipitators would
be required to comply with the particulate emission limits.

8.2 Physical Space and Aesthetics

Heating Plant. The existing boiler plant was originally
designed for No. 2 oil. There is only space available for
installing coal-vater-mixture combustion equipment at the
existing boiler or for construction of a new boiler at another
site on base.

Coal-Handling Equipment. There is no space available for
installing dry coal-handling equipment at the existing boiler
plant, but there is enough space for inscalling coal-water-
mixture equipment.

Coal Pile. There is no space available for a coal pile at the
existing boiler planr, Lut there is space at another site on
base for a coal pile and a new coal-fired boiler.

8.3 Technical Risk of Combustion Technologies

The existing boilers are designed for No. 2 oil- oy gas-firing
snd therefore are only suitable for conversion to coal-water-
mixture firing. ‘The technical risk is fairly high because of
limited experience with coal-water-mixture firing of No. 2 oil-
designed boilers.
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COGENERATION PROJECT OUTLOOK

The prospects for a coal-fired cogeneration plant appear to be some-
what marginal. The base has a high minimum monthly average electric
load, 24 MWe, but the price of clectricity is moderate (5.1¢/Kwh).
Based on the FY 1986 energy-use data, a cogeneration piant with a
boiler rating of 68 MBrtu/h output and a 5-MWe turhbine generator
would have an electcical capacity factor of 90X and a peak thermal
output of 50 MBru/h, with a thermal enecgy capacity factor of about
75X if used as a baseload heating plant. A water-tube boiler with a
steam rating of 1450 psia and 950°F would be the most suitable
boiler for this cogeneration system.
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10, INPUT AND LCC SWRMARY SPREADSHEETS

Y 4 1C 2 [ A/
Total steam cutput = 43.5  Mitu/hr
foiler capacity factor =~ 824
Kumber of units for zefit =}

Hydrated lime price(8/ton) = 40.00 COAL FPROTTRIIES
Ash diaposal price (8/ton) =~ 10.00 RQ,it, Stoker
Electric price (canta/kkh) » 5,10 Ash fraction » ,120 .110
Labox rate (k5/yr) = 35.00 Sulfur Lraction = ,013 ,013
Limestone price (3/ton) =~ 20.00 HIV (BRu/idb) = 12300, 12000,
FUEL IRICES FUEL PRICES
Natural gas price (3/iBtu) = 4,00 R.0.H4. coal (&/H8ru) » 1.87
#2 011 price (3/30ty) = 4,71 Steler coal (S/MBtu) ~ 1,08
#6 011 price {§/M8tu) » .00 Coal/H20 mix (3/MAtu) = J.00
orrIoNs Coal/oil mlx (5/M3tu) = 3,50
Soo% blower multipller » 1,0
Tube bank mod sultiplier = 1.0 Primary fuel a2z 3
Bottom ash pit sultiplier ~ 1.0 NATURAL GAS
502 control multiplier = 0 146 OLl, 2=42 Of1, I=NG
LIMESTOME /LIME

Inext fLractlon = .05

ECONCHMIC PARAMETIRS
Inflation & discounting base year = 1088
Gen infla index (1987 to base yr) » 1,040
Gas Infla index (1088 to base yr) = 1.000
01l infla index (1983 to baze yr) = 1,000
Cosl infla index (1088 to base yr) = 1,000
Project atart year = 1900
Pr -ject Life (yz) = 30
Depreciation 1ife (yr) = 15
General inflation rate (X/yr) = 0
Typs of gus escalation = ¢gas
Type of oll escalation = eoil
Type of coal escalation = gcoal
Discount xate (I/yr) = 10
Rate of roturn on invest (I/yr) = 17
Amount of working capital (month) = 2
Federal income tax rate (X) = 34
Local prop tax (& insur) rate (X) = 2

REAL ESCALATION RATE (%

TYPE OF FUEL 1988 1990 1085 2000 AXD
FUEL ESCALATION =1990 1995 =2000 BEYORD
Gas egas 3,89 8.87 5.77 5.77
0l eoll 4,86 7.87 4,16 4,16
Coal acoal 1.16 2,31 1.19 1,19

8:49 AM  Oct 20, 1988
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. A h
Total stean outpul = 43,5 M¥tu/he
Bollez capacitly fattor = ,82L
Nusber of units Sor refid = )

» vV,
Cost base year = 1033
Pzimary fusl = RATURAL GAS

ANRUAL COSTS
¢ FUIL/  FUEL TOTAL HAINT OTHER
OF STEAM FRICE CAPITAL FUEL Q&Y oO&Y
JECHNOLOGY UNITS EFF  §/MBtu X3 X3 k$ 3]
Natuzal gas boiler - 800 4.00 .0 1520.0 1532 48).4
#2 0f) Lired boiler -~ ,800 471 0 1848.6 1832 463,4
48 Oi1 {ired Loifler == Q00 00 .0 0 0 .0
Mlevonized cosl zefit 1,800 1.87 2300.2 10,0 330.2 635.8
Slagging hurner zofit 1 300 1,87 L3413 34,0 330.2 633.9
Modular FBC refit 1 .70 1% 4058.8  743) NI 617.3
Stoker Liring zefit 1 760 1.88 2872.8 B18,0 N33 §08.0
Coal/water slurry 1 .75 13,00 2620,3 1255,0 3N €38.0
Casl/oil slurzy 1,780 3,50 2180.8 1408.,8  265.4 08,2
Low Dty gasiffer rofic '} 679 1,08 3808,5 _916.2 07,4 734 .8
Packaged shell stokes 1,760 1,98 3.0 8180 NI 606.0
Packaged shell FBC 1 .780 1,87 4210.3 772,68 333.3 613.3
Fleld exectad stoker 1 .800 1.08 5071.2 M.a N3 597.9
Fleld erxected F3C 1,800 1.87 6345.1 734.0 387.1 617.2
Pulverized cos) bollar 1,820 1,87 8944,2 7161 30,1 645.2
Clrculating FRC 1...810 }.87 7232,0 724,90 3.3 67%5.4
AIR FORCE PROJECT — TRIVATE FROJECT
LIFE LIFE
CYCLE CYCLE
COSsT, DISCOUNTED COST,
COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/
¢ OF USE, AS SPENT cosT PFRIO0D, AS SPENT COST
TECHNOLOGY UNITS ton/yr xS RATIO yr X3 RATIO
Natural gas boilar - - J2,548 1.000 === Existing systex, primary fusl
#2 041 fired boller =-- ~ 33,120 -
46 Oj1 fired boller == == 0 ==

Micronized coal cefit
Slagging burner refit
Hodular FBC refit
Stoker firing refit

Not applicable bacauss of space limitationa
Not applicable because of space }imitations
Not applicabhle because of space limitations
Not applicable because existing beiler was designed for §2 ofl

Coal/water slurcy 1 17,019 21,078 545 73 22,843 1.419
Coal/oil slurry Not evaluated
ow PBtu er refit Not spplicable because of space limitstions
Packaged shell stoker 1 16,014 18,.07 1.708 5.9 20,247 1.608
Packaged shell FBC 1 16,795 18,405 1.760 6.8 21,067 1,545
Field erected stoker 1 15,213 19,8,5 1.643 8.7 23,283 1,398
Field erected FBC 1 15,955 20,526 1,585 9,7 24,303 1,339
Pulverized coal boiler 1 18 A0 20,953 1,553 10.2 24,528 1.306
Circulating FBC 1 15,75% 21,387 1,522 3.0 25,755 1.264
8:49 AM Oct 20, 1988
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KELLY AFB: 1 X 43,3 Mitu/br, FURL REAL ZOCALATION = AZO 1987

Total steam output. = 43,5
Boller capacity factor = 824
Humber of units for xefit » 1
Hydzrated lime price(8/ton) = 40,00
Ash disposal price (S/ton) =~ 10.00
Elactric price (cents/kbh) = 3,10
Labor rate (k38/yx) = 33,00
Limestons price (S/ton) = 20,00
YUEL PRICES

Natural gas price (8/Mdtu) = 4,00
#2 01 price ($/MBru) = 4,71

#6 04l price (S/MBru) =~ .00

ORrTIONS

Soot blower wultiplier = 1,0
Tube bhank mod multiplier ~ 1.0
Bottom ash pit =ultiplier = 1,0

S02 control multiplier =
LIMESTONE /LTME.
Inert fraction =

-°

.05

ECONCMIC PAPAMETEIRS
Inflation
Gen infla
Gas infla
0il infla

Coal infla

& disccunting baze year
index (1987 to base yr)
index (1988 to bigsa yr)
index (1088 to base yr)
index (1988 to base yr)
Project start year
Project life (yr)
Depreciation life (yr)
General inflation rate (X/yr)
Type of ges ascalation

Type of oll ecacalation

Type of coal escalation

Discount rate (X/yr)

Rate of return on invest (X/yr)
Amount of working capital (month)
Federal income tax rate (X)

Local prop tax (& insur) rate (X)

MBtu/hr

COAL FROFIRYIES

R.O.H, stoker

Ash fraction = ,120
Sulfur Lraction = ,01)

KV (Btu/lb) = 12300,

rUrL FRICES

R.O.M. coal (S/MBtu) =~ 1,87
Stokex coal (8/M8tu) =~ 1,08
Coal/H20 wmix (S/MBtu) = 3,00
Coal/oll mix (&/MBtu) = 3,50

Primary fuel iz 3
NATURAL GAS
1«46 011, 2-42 Ol1, I=NG

1928
1.040
1.000
1,000
1,000
1800
¥0

15

egas
eoil
scoel
10

17

34

——REAL ESCALATION RATE (X/vg)

TYPE OF FUEL 1088 1890 1005 2000 AND
FUEL ESCALATION = _-1990 -1995 =2000 BEYOND
Gas egas 2.28 4.70 5.49 2,75
0il eoil 17 4,18 5.55 2.1
Coal ecosl 1.45 1.76 1.62 .81
9:05 AM  Oct 20, 1988

«110
013
12000,
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. 13 - 7
Total steam output = 43,5 MBtu/hr Cost base year =~ 1088
Boller capacity Lactor » 824 Pzimary Zusl » NATURAL GAS

Nusmber of units for xefit = 1

e AUNUAL COSTS .
¢ FUEL} FUEL TOTAL HAINT OTBER
OF STEAM PRICE CAPITAL FUEL O&M O&HNH
JECHROLOGY UNITS EFF_Sit3tu k$ k3 X3 k$
Hatuzal gas boller -= 800 4,00 0 1520.0 15,2 483.4
#2 0Ll fired boller == 800 4N .0 1848.6  153.2 483.4
28 031 {ired boller -=__.800 ,00 ) 0 ) ,0

Hicronized coal refit 1
Slagging burner refit 1}
Modular FBC refit 1
Stoker firzing refit 1,760 1.68 2872,.6  814.0 3333 §068.0
Coal/watex slurxy 1
Coal/oll slurry 1

800 1.87 2599.2 14,0 330.2 635.0
.800 1.&7 A1,3 23,0 350.2 63s5.8
200 1,87 4938,8 7403 NS 617.5

750 3,00 2620,3  1258,0 3D 538.0
780 3.50 2160,8 1408.0  263.4 308.2

Low Pty xasiffer yefit 1 670 1,90  3868.5 0162 303,478
Packaged shell atoker 1,760 1,98 33,0 s18 0 N3 806.0
Packaged shell F3C 1,780 1.%7 4210, 722,68 3333 618,32
Fleld erected stoker 1,800 .98 8.2 Mma N3 507.9
Fleld ezacted FBC 1 .800 1.87 6545.1 74,0 387.1 617.2
Pulverized coal boller 1 .820 1.87 69442 N6,1 301.1 645,2
Circulating FIC 1 .810 1,87  7732,0 7240 3313 ers.a
—AIR FORCE PROJECT __  __ FRIVATE PROJECT
LIFE LIFE
CYCLE cycLe
COST, DISCOUNTED €0sT,
COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNIED BENEFIT/
# OF USE, AS SPENT COST PERIOD, AS SPENT cost
TECHNOLOGY URITS tonlyg x$ _RATIO _yr x$ RATIO
Natural gas boiler = = 24,604 1,000 <=== Existing system, primary fuel
#2 01) fized boller -- - 26,702 -
28 011 fired boiler == == 0 -
Mioronized coal refit (.t applicable because af space limitations
Slagging burner refit Not applicable because of space limitations
Hodular FBC refit Not applicable because of space limitations
Stoker firing retit Not applicable because existing boller was designed for 2 oil
Coal/water slurry 1 17,019 20,871 1,179 11,7 22,738 1,082
Coal/oil slurry Not evaluated
Low Bty gesifier refit  HNot epplicsble becayse of spece limitetions —_—
Packaged shell stoker 1 16,014 17,9727 1.369 7.9 20 113 1,223
Packaged shell FBC 1 16,795 18,372 1,339 8.2 20,041 1.175
Field erected stoker 1 15,213 19,A92 1,249 12.3 23,155 1,063
Fleld erectad FEC 1 15,855 20,419 1,205 13.9 24,183 1,017
Pulverized coal boiler 1 15,566 20,838 1,181 15.0 24,809 .802
Circulating FBC 1 15,758 21,272 1,157 16,4 25,637 ,060

9:05 AM Oct 20, 1988
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. A -
Total steam output = 43,5 Mitu/hy
Boller capacity factor = 824
Xunber of units for refit w )
Bydzated 1ime price($/ton) = 40,00 COAL PROPIRYIES
Ash disposal price ($/ton) = 10,00 R.Q.M, Stoker
Elecieic price {cents)kWh) = 5,10 Ash fraction = ,120 110
Labor rate (k3/yz) = 35.00 Sulfur fraction = ,013 .013
Lizastone price ($/ton) = 20,00 HEV (Bru/lb) = 12300, 32000,
YUEL PRICES UL reicrs
Natural gas price (3/MBru) = 4,00 R.O.H. coal (8/MBtu) » 1.87
2 011 price (S/MBtu) = 4,71 Stoker coal ($/M3tu) » 1.08
#6 01 price (5/M3tu) = ,00 Coal/H20 mix ($/MALu) = 3,00
orrions Coal/oll mix (S/MBtu) = 3,50
Soot blower sultiplier ~ 2,0
Tube Lank mod wultiplier = 1.0 Primary fuel is 3
Botlom ash pit multiplier = 1,0 NATURAL GaS
S0Z control multipkier = ,0 148 O1l, 2=92 011, 3=NG
LIMESTONE/LIMK
Inext fraction » ,0%

ECONCMIC PARAMETIRS

Teflatlon & discounting baze year = 1988
Gen i{nfla index (1087 to bLase yr) = 1,040
Gas infla Index (1088 to base yr) = 1,000
0Ll infla index (1988 to base yr) = 1.000
Coal infla indox (1088 to base yr) = 1,000
Project start year = 1080
Project 14fe (yr) = 30
Deprecistion Mife (yr) = 15
Generel inflation rate (X/yr) = o
Type of gas escalation = xaro
Typs of oil escalation » zero
Tyse of voal escalation = zero
Discount rate (2/yr) = 10
Rate of raturn on invest (Xlyz) = 17
Anount of working capital (month) = 2
Fedezal income tax rate (X) = 34
Local prop tax (& insur) rate (1) » 2

REAL _ESCALATION RATE (I/yr)

TYPE OF FUEL 1088 1990 1805 2000 AND
FUEL ESCALATION 1880 =1985 ~2000 BEYOND
Gas 20r0 0 9 0 0
0l zero 0 0 0 0
Coal zaro 0 0 0 0

9:10 AN Oct 20, 1988
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Total steam output = 43,5 HBtu/hr

Boller capacity factor = ,024
Number of units for refit = 1

105

Cost base year - 1088
Primary fue)l = NATURAL GAS

ANNUAL COSTS
¢ TFUEL! FUEL TOTAL MAINT OTHER
OF STEAM PRICE CAPITAL FUEL O&Y O&M
JECHRCLOGY UNITS EFF  S/M3ey  ¥& X3 X3 x3
Natuzal gas boller == L3800 4.00 .0 1570,0 153,2 A83.4
#2 Oi1 fized boiler == 800 4.71 .0 1848.8 153.2 463.4
£8 0§11 {ized boiler == ,800 .00 ,0 0 ;0 ;0
Micronized coal refit 1 800 1,87 2509.2  734.0 350.2 635.9
Slagsing burner xefit 1,800 1,87 43413 7340 350.2 635.9
Hodular FAC refit 1,700 1,87 4058,8 743,13 3323 617.5
Stoker firing refit 1 766 1.08 2072.6 818.0 33 606.0
Coal/water slurry 1 .750 3,00 2620,3 1256.,0 3N 538.0
Coal/oil slurry 1,780 3.50 2180.8 1408.9  2585.4 508.2
87 20 7.4 734
Packaged shell stcker 1 ,760 1,88 3343,0 318.0 3.3 608.0
Packaged shall FBC 1 .760 1.8 4210.3 772,68 3333 618.3
Field erected stoker 1 .800 1.08 5971.2 1771 312 $97.9
Fleld exected FAC 1 .800 1,87 6545,1 74,0 387.1 617.2
Pulverized coal boller 1 ,820 1,87 6944,2 716,11 81,1 645,2
Circylating FBC 1} __.8l0 1,87 7732,0 724,09 331,3 675.4
AIR FORCE PROJECT —FRIVATE PROJECT
LIFE LIFE
CYCLE CYCLE
COST, DISCOUNTED COSY,
COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/
¢ OF USE, AS SPENT coST PERICD, AS SPENT COoST
TECHNOLOGY. UNITS ton/yr k3 RATIO yr xS RATIO
Katural gas boller - kg 17,212 1.000 <=== Existing system, primary fuel
#2 041 £ired boiler -- - 19,383 -
#56 03] fived boller b == 0 holes
Micronized cosl refit Not applicable because of space limitations

Slagging burner refit
Modular FBC refit

Not
Not

applicable because of space limitations
applicable because of space limitations

Stoker firing refit Hot applicable because existing boilex was designed for #2 oll

Coal/water slurry 1 17,019 19,122 ,9800 >31 20,939 ,822

Coal/oll slurry Not. avaluated

ow Bty r refit Not a cable because of space limitations

Packaged shell stoker 1 16,014 16,838 1,022 19.3 18,941 .09

Packaged shell FBC 1 16,795 17,296 .995 »31 18,635 .868

Field erected stokor 1 15,213 18,610 925 >31 22,U%2 .761

Field erected FBC 1 15,955 19,397 .B87 >31 23,132 JThi

Pulverized coal boiler 1 15,566 19,842 .867 >31 23,783 W724

Circulating EBC 1 15,758 20,262 .849 >31 24,599 .700
9:10 AM Oct 20, 1988
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ROBINS AFB: AFLC

BACKGROUND

Robins Air Force base is located near Warner Robins, Ceorgia. There
are two major heating plants on che base, but only the larger plant
(building No. 177) should be considered for coal conversion. The
B&W and Wicks units (see list below) were originally designed for
coal. Ip 1967, the coal-burning boilers were converted to burn gas
with distillate oil as backup. The yearl; average fuel use at plant
No. 177 is about 190 MBru/h. Heat plant No. 177 produces 125 psi
steam, and boiler efficiencies range from about 69X at low loads to
78X at full load. No coal-handling equipment still remains.

HEATING PLANT UNITS

Heating Plant No. 177:

2 x 98 MBrtu/h, Erie CirLy, 1966

2 x 54 MBtu/h, Babcock & Wilcox, 1953
54 MBtu/h, Wicks, 1954

5 MBtu/h, Superior (oil only), 1977

Heating Plant No. 644:

24 MBtu/h, Erie City, 1966
2 x 24 MBtu/h, Trane, 1975
21 MBtu/h, Babcock & Wilcox, 1955

IDEAL CAPACITY FACTOR ANALYSIS

The maximum possible capacity factors listed below were calculated
from monthly fuel-use data for plant No. 177.

FY 1985 FY 1986

Fuel ideal ideal

input capacity capacity

(MBtu/hr) factor factor
30 0.83 1.00
50 0.83 1.00
70 0.83 0.96
90 0.78 0.85
120 0.68 0.72
150 0.59 0.63




4.

107

ENERGY PRICES

FY 1986 Price Data:

Year average

End of year

Distillate $5.50/MBtu $5.90/MBtu
Natural gas $3.90/MBru $3.90/MBru
Electric $12.96/MBtu = 4.4¢/kWh 4.4¢/kWh

Comments from HQ AFLC (11/21/88):

Natural gas = $3.19/MBtu

COAL PROPERTIES AND PRICES

Stoker ROM
Origin Benedict, Va. Benedict, Va.
HHV, Buu/lb 13,790 13,790
Ash, % 4,23 4.23
Sulfur, X 0.79 0.79
Nitcogen, % 1.45 1.45
Ash-softening temperature, “F 2700+ 2700+
Swelling index
Top size, in, 2 x9
Bottom size, in. 100 mesh
Fines, X 40
Grindability index 48 48
Cost at mine, §/ton 34.00 28.00
Delivered cost, $/ton 54.85 48,85
Energy cost, $/MBtu 1.99 1.77

ENVIRONMENTAL REGULATIONS

6.1 Air Pollution Emission Limits for New Sources

The air-quality-control regulations of Ceorgia require that a
fuel-burning plant such as that being considered for Robbins
AFB meet federal EPA air emission ptandards for an attainment
area.

§0,. For boilers >100 MBtu/h: FBC — 90Z reduction to meet

limit of 1.2 1b/MBtu; emerging technology — 50X reduction to
meet limit of 0.6 Lb/MBtu.

NO,. For boilers >100 MBtu/h: spreader stoker and FBC — 0.6
TE’HBtu; pulverized coal — 0.7 1b/MBtu,

Particulates. Regulations pertaining to fly ash and/or other
particulate matter from newly (beginning CY 1972) constructed
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equipment Llimit emissions according to the following expres~

sion:
-3
P = 0.5 (%9-)" 1b/HBy,

where R = heat input of fuel-burning equipment in MBru/h.

Therefore, for one S4-MBtu/h boiler at plant No. 177, P = 0.215
Lb/HBru.

A state opacity regulation also became effective in 1972,
stating that the opacity of the visible emissions be <20X
except for ane 6-min period per hour ¢f no more than 27X
opacity.

6.2 Coal-Pile Runoff

The state of Georgia has adopted EPA federal regulations for
coal-pile runoff. The regulations state chat the pH of all
discharges, except once-Lhrough cooling water, shall be within
the range of 6.0 to 9.0. ‘The effluent limitation for the peint
source discharges of coal-pile crunoff is 50 mg/L cotal sus-
pended solids.

6.3 Ash Dir 1al

The state, as well as the EPA, considers fly ash waste to be
nonhazardous. Use of an existing landfill is desirable because
only a permit is required. A new site or landfill is costly
and requires a long procedure.

OTHER CONSIDERATIONS
None.
COAL-CONVERSION PROJECT OUTLOOK

The most attractive project would be zo vefit/replace one of the
54-MBtu/h output (69-MBtu/h fuel input) boiler units, which are coal
desizned, in plant 177, If a single S54-MBtu/h unit were involved in
a project, an overall capacity factor of about 81X would be
expected, assuming 90% equipment availability.

8.1 Effect of Environmental Repulations on Selection of Combustion

Technologies

50, and NO,. Any of the combustion technologies being consid-
ered could be employed without any SO, or NO, controls becsuse
the proposed project is smaller than 100 MBtu/h.

Particulates. Bag filters or electrostatic precipitators would
be required.
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8.2 Physical Space and Aesthetics

lleacing Plant., The existing boiler plant was originally de-
signed for coal. The original coal-combustion equipment has
been removed, and there is now only enough space for micronized
coal or coal-water-mixture combusiion equipment at the existing
boiler.

Coal-Handling Equipment. There is limited space available at
the existing heating plant so cthat only micronized coal or
coal-water-mixture equipment could probably be installed.

Coal Pile. There is room for a ¢2al pile near the existing
boiler plant, so coal could be supplied by truck to a silo at
the existing boiler plant or to a new coal-fired boiler plant
nea~ the coal pile.

8.3 Technical Rigk of Combustion Technologies

The boilers were originally designed for coal. The least tech-
nical risk would be for conversion to micronized coal-firing
because no 50, reduction measures will be required.

COGENERATION PROJECT OUTLOOK

The prospects for a coal-fired cogeneration system are poor because
of low electric rates and the mild climate that exists at Robbins
AFB. Although the base has 2 sizable minimum monthly average elec-
tric load, 15.7 HWe, the price of clectricity is only 4.4¢/kWh. The
15.7-MWe mirnimum monthly load would be met primarily by a coal-fired
electric plant sized for about 15 MWe and producing 45 MWt. An 80X
cycle efficiency would require a boiler rated at 56 MW. December,
January, February, and March have thermal consumption levels exceed-
ing the available chermal capacity. The thermal demands at Robbins
AFB remain high enough during the year to result in a high overall
thermal load factor of 73X (assuming that the cogeneration plant has
a 90% availability).
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10, INXUT AND LOC SIRMMARY SPREACSNILTS

- - K/
Total steam output ~ 54,0 vita/he
Boller capacity factor =~ .80%
Nusbex of units for zefit » )

Bydeuted Lime price(3/ton) » 40,00 COAL PROVERYIES
Ash disposal price (8)ton) = 10.00 Q.M. Sokex
Eiectric price (conts/kWh) » 4,40 Ash fraction =~ ,042 042
Labor rate (k5/yx) » 335.00 Sulfur fraction = ,008 .008
Limestone price {S/ton) = 20,00 HN¢ (Btuflb) ~ 13800, 13800,
YUZL MICes YUKL FRICEs
Natuxal gas price (S/MBlu) ~ 3,18 R,0.M, coal (3/MBtu) = 1,27
#2 Ol price (S/MEtu) = 4.7} Stoker coal (S/HStu) = 1,99
#6 Oi1 price (5/MBtu) » .00 Coal/N20 mix (3/MEtu) = J,00
orrIoNX Coal/oil mix (S/MBtu) = I,50
Soot blower multiplier = .0
Tube bank mod sultiplier = 0 Primary fuel iz 3
Bottom ash pit wultiplier = 1.0 NATURAL GAS
502 contzol multiplier «~ ,0 1=$6 011, 242 011, 3=NG
LIMESTONE/LIME

Inext fraction = ,08

BOONOMIC PARAMKTIRS
Inflation & discounting base year = 1988
Gen infla index (1987 to beas yr) = 1,040
Gas Infla index (1988 to base ¥yr) = 1,000
04l infla index (1033 Lo base yr) = 1,000
Coal infla index (1988 to basze yr) = 1,000
Project wtart year = 1990
Project life (yx) = 30
Depraclation 1ife (yr) = 15
General Inflation rate (X/yr) = 0
Type of gas escalation = egas
Type of oll escalation = eoil
Type of coal escalation = ecoal
Discount rate (X/yz) = 10
Rate of return on invest (X/yr) = 17
Anount of working caplital (month) = 2
Federal income tax rate (X) = 34
Local prop tax (& insur) zate (X) = 2

——BEAL ESCALATION RATE (I/ye)

TYPE OF FUEL 1088 1990 1085 2000 AND
FUEL _ ESCALATION = _-1990 ~1995 -2000 BLYOND
Gas ogas 3.88 8.87 5.77 5.77
(¢] 93 eoil 4,86 7.87 4.16 4,16
Coal escoal 1.18 2,31 1.18 1.1¢9

2:30 P4 Jan 4, 1089
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. - \/
Total stesm output = 54,0 Mitu/hr Cost bans ysaz = 1884
Bollex capacity Zactor « 408 Pzimary fuel = NATURAL CAS

Number of units for zefit = )

—OAL COSTS
- ¢ TUIL/  FURL  TOTAL HAIXT  OTHER
OF STZAM TRICT CAMTAL TFUIL Q&N O4&MN

IcHrologY UNIX3 LT SO k§ X3 X3 X3

Natural gas boller - L300 3,19 0 1520, 1928 4833
A #2 011 fired botler == 500 41 20 2248, 172.8 485,3
26 041 Cired dotlas == 300 109 N ) i0 .0

Hicronixed coal refit
Slagaing burner xefie
Hodular FIC rafie
Stoker Lizing refit
Coal/water slurcy
Coal/ofl alurzy

400 1.7 2886.7 .8 3288 849.3
400 172 45314 883,8 e 449.3
J00 107 $20.0 8582 380.3 620.3
J60 1.% 3063.0 o0 3 380,3 620.1
230 3,00 2272.1  152%.1 389, 383
780 J.30 2043.6  1710.4  288.0 323.3
= ref )] 4280, 0 344,80

o ps pe pe po P

Packaged aholl stokezr 2,760 1.99 4603.5 9980 369,3 710.8
Packaged shell FRC 2 780 1.7? 1818, 884.0 369.3 720.9
Tleld arected stoker 1 .80 1,99 6809.0 QoS4 35 612.0
Fleld exected FIC 1 800 1.77 7481.8 843,86 4184 829.7
< Pulverized coal boller 1 ,820 1,77 7928.3  823,0 422,8 658.0
Cirsulating FIC 1819 1.7 89315,) 8331 3381 £990,3
-
o AIR TORCE PROJECT . _ _FRIVATE PROJECT
LIFE LIFE
CYCLE CYCLE
CosT, DISCOURTED COST,
COAL DISCOUNTZD RENEFIY/ PAYZACK DISCOUNTED BENEPIT/
¢ OF use, AS SPENT CoST PERIOO, AS SPENT CosT
JEcuNolOGY UNITS  tonlyr X8 RATIO yr x$ RATIO
Natural ges boller - - 32,020 1,000 <=== Exiating syawea, primazy fuel
#2 Oi) Zired boiler - = 39,504 -
48 Oi1 {ired bojler halod e 0 ==
Micronized coal refit 1 17,268 18,4290 1,737 5.6 20,181 1,586
Slagging burner refit Not applicable because of space limitations
Modular FBC refit Not applicable bacause of space limitations
Stoker firing refit Not spplicable because of space limitations
- Cosl/water slurry 1 18,418 23,604 1,357 10.3 25,378 1,262
Q Coal/oll slucxy . Not evaluated
Low Btu gasifier vefjt Not applicable because of space limitations
. Packaged sholl stoker 2 18,178 21,892 1.463 10.0 24,754 1,294
Packaged shell FBC 2 18,176 21,778 1.470 10.6 25,127 1,274
Field arected stoker 1 17,268 22,458 1.426 11.9 26,407 1.213
Fleld erected FAC 1 17,268 22,112 1,410 12,5 28,986 1,186
Pulverized coal boiler 1 16,847 23,156 1,383 13.2 27,67C 1,157
Circulating FBC ) 17,054 23,733 1,349 14,3 28, 744 1.114

2:30 ™ Jan &4, 1989
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Total staam output = 34,0  MEtu/hr
Boller capacity factor = 838
Nunber of units for refit » )

Hydreted Lixs price(d/ton) = 40,00 COAL PROPYRT/AS
Ash dlaposal price (5/ton) = 10,60 BLQ.H, Stoker
Electzic price (centaf/XWh) = 4,40 Ash fractlon = ,043 042 -
Labor zate (X37yc) ~ 35,00 Sulfer Tractilon ~ 008 .008
Linsstone price (3/ten) = 20.00 RV (Bto/ib) =~ 13800, 23300,
FueL mices . reices
Natuzal jes price (3/1@tu) » 3,18 K.0.H. coal (3/tu) = 1,27 -
#2 01 priee (8/MMru) » 4,71 Stoker cosd (3/MBtu) »+ 1.99
48 Qi) price (5/MBLu) » .00 Coal U0 mix (S/tMtu) » 3,00
orTIOoNS Coal/otd alx (3/MItu) *» 3,59
Soot blower multiplisr =« 0
Tubie bank mod multiplier » .0 Frimary fuel ia 3
Bottom ash pit multiplier » 1,0 NATURAL GAS
502 control sultiplier » .0 148 011, 2+#2 011, 3=
LIMESTONE /LD

Inezt fLraction = .03

ECOMOMIC PARAMETIRS
Inflation & dlacounting base year « 1988
Gen Infla tndex (1087 to bese yz) = 1,040
Gas Infla Sndex (1008 to bhana yr} = 1,090
OIL tnfla index {1538 to baae yz) » 1,000
Coal infle Index (1988 to baze yr) = 1.000 -
Projact start year = 2090
Project Aife (yr) » 30
Depreciation ife {yr) = 15
General Inflation rate (X/yr) = 0
Trpe of gaz wscalation = egas
Type of oll sscalation » eolld
Type of coal escalation = ecoal
Discount rate (I/yr) = 10
Rats of return on invast (/yr) = 17
Azount of working capital (month) = 2
Fedezal Income tax rates () = 34
Local prop tax (& insur) rate (%) = 2

REAL ESCALATION RATE (X/vr)

TYPZ OF FUEL 1088 1000 1095 2000 AND
FUEL ____ ESCALATION = _=1980 =1093 =2000 JEYOND
Gas sgas 2,28 4,70 5.49 2,75 'Y
o1l eoil 17 4,16 5.58 2,77
Coal scoal 1,48 1.76 1.61 .81

1:57 B4 Jan 11, 1980
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Tavsl steam outpul, = 34,0 MBLu/hr Cost hase yeax « 1848
‘Btlor capacity fector = 008 Prinary fual « NATURAL GAS

Kusbar of units for rellt =}

AXNUAL CUSTS
¢ FUEL/ FUEL  TOTAL HAIN?  OTRER
OF STEAM PRICE CAPITAL TFUEIL  O&H Q&M
TICHNOLOGY UNITS EFT  Sitmey & x$ xs X$

Katural gas beller - 800 3.9 .0 15203 172.¢6 485.3
#2 OiL £,:ed boiler -~ 800 &0 .0 2Ly 12,8 4833
44 041 {ired boiler == 800 .00 20 0 ;8 0

Bicrenized cosl zefit
Slagging bumer rafic
Modulsr FEC refil
Stokez flzing relit

800 172 2536.7 a6 378.6 60,3
L8080 1.77 4521,4  843.8 373.8 640.3
J8 L7 2220.0 3542 380.3 620.3
200 1.08 Jed).e guLd 360.3 620.1
Cosl/water slurcy J5 0 S.00 2,y 192s.1 360.] 546.3
Coalfodl xluszy 80 .50 2043.8  1710.8 2809 523.3
Yo Bty gasifiey refie 1} q1g _1,9% A260.0  11318.1 32,3 7349
Packagad shell stoker 2,780 1.80 4605.5 8.3 350.3 710.8
Packaged shell FBC 2,0 172 818,180 360.3 220.9
Flel™ erected nloker 1,800 M0 6809.0 g48.% 336,1 512.0

1

1

1

P A

Fleld exectad FAC L00 1.77 un.s e 418.4 620.7
Rlverised cosl bofler 820 L.37 7024.3 a0 422.8 559.0

Circulsting TG 810 1,72 A015.1 83 358.1 800,35
AR FORCE PROJECY FRIVATE PRQIECT
LIFE LIFE
CYCLE CYCLE
COST, DISCOURTED cos1,
COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BEKLFIY/
¢ OF vsE, AS SPERT cosT PERIOD, AS SPERT cosY
JECHNOLOGY UNITS senfyy 3] RATIO x5 X8 RATIO
Natural gas boliler - - 24,327 1,000 <=== Exiating systea, primary fuel
#2 011 fired boiler - el 31,609 -
46 01} Lired bojler =- = 0 -
Micronized cosl rerfit 1 17,268 18,285 1,330 7.7 20,053 1,213
Slegging burt sz refit Not applicable bacause of space limitations
Modular FBC refit Not applicable because of space limitations
Stoker firing refit Not applicable because of space limitrtions
Cosl/water sluxry 1 18,419 23,361 1.04) 22.3 25,128 568
Cozl/oil slurry Not evaluatad
Low Bty gesifior zefit  Nob spolicable hegause of space limitations
Packaged shell stoker 2 13,176 21,734 1,119 16,5 24,590 .089
Packaged shell FAC 2 18,176 21,635 1,124 16.8 24,082 974
Fleld erected stoker 1 17,288 22,307 1,001 10.6 26,252 027
Fleld erected FBC 1 17,268 22,577 1,077 20.9 26,858 R06
Pulverized coal boiler 1 16,8%) 23,025 1.957 22,9 27,535 .883
Cipculating FBC b 17,034 23,601 1,931 26,1 28,607 ,830

1:57 ™ Jan 11, 1889




H 4
Total steam output = 54,0
Boiler capagity Zactor = 806
Numher of unita for zefit » )
Rydzated Llime price($/ton) = 40,00
Ash disposal price (8/ton) = 10,00
Electric price (centa/kWh) = 4,40
Labor rate (kS/yr) = 35,00
Limestone price (8/ton) = 20,00
FUZL PRICES
Katursl gas price ($/t82u) = J.19
#2 01} price (S/MBtu) = 4. N1
#6 OlL price (8/MBtu) = ,00
orrIons
Soat blower sultiplier « ,0
Tuhe bank =od multiplier » .0
Bottom ash pit multiplier = 1,0
502 control multiplier = ,0
LIMESTONK /LIME
Inext frasztion = ,0%

ECONCHIC PARAMETERS
Inflstion & dlacounting base yaar
Gen infla index (1087 to base yz)
Gas infla index (1088 to beza yr)
011 infla fndex (1988 to buse yz)
Coal infla index (1088 to base yz)
Project start year
Pzoject life (yr)
Depreclation 1{fe (yr)
General inflation rate (X/yr)
Type of gas escalation
Type of oll escalation
Type of coal sscalation
Discount rxate (I/yr)
Rate of return on invest (X/yr)
Amount of working capital (month)
Federal income tax rate (1)

r r 3

114

Mitushs

COAL PROFIRTIZS

R.O.M. Stokex
Ash fraction « 042 042
Sulfuz fzaction = ,008 ,008

RHV (Btu/lb) =
oL miIces
R.0.H. cosl (3/1Btu) =
Stoker coal (3/MBtu) =

13800, 13800,

.77
.99

Coal/H20 aix (S/Mdtu) = 3,00
Coal/oll =ix (S/HAtu) ~ 3,50

Primary fuel in
NATURAL GAS
1~48 OL1, 2-#2 011,

1088
1.040
1.000
1.000
1.000
1080
30

15

zero
zexo
zex0
10
17

z

W%

Local prop tax (& inaur) rate (X) = 2

REAL _ESCALATION RATE (ft/vr)

R}

3I=NG

TYPE OF FUEL 1088 1960 1885 2000 AND
FUEL ESCALATION -1080 =1995 =2000 EEYOND
Gas 28X0 0 ] 0 0
oLl zero 0 0 0 /]
Cosl zero 0 0 0 0

2:02 B4  Jan 11, 1989
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ROSIES AFB: 1 X 34 Mitu/hr, FUREL RFAL ECAVAYION = IZRO
Total steam cutput = 54,0 MEty/hr Cost haae year = 1083
Boller capacity fastoz = ,808 Primary uel = NATURAL GAS

Nushezr of units for refit = 1

ARNUAL COSTS
¢ TFUEL/ FUEL  TOTAL HAINT  OTHER
OF STEAM FRICE CAPITAL FUEL O&M O&HN
IRGHNOLOGY  UMITS RFF S/Mte k3 k3 k3 X3

Natural gas bollex == L300 .19 .0 1520.3 172.6 485.3
92 041 Zirxed boller == 800 & 72 .0 2244,7 172.8 4835,
#8 011 {ized boller == 800 .00 0 ) .0 20

Micxonized coal refit
Slagging burner refit
Hodular FAC refit
Stoker firing refit

800 1,77 2546,7 843,6 378,68 648.)
800 1,77 435214 24,8 378.8 849.)
J90 .77 5220,0 854.2 360.3 620.8
J60 1,80 3063.2  988.) 360.3 620.1
Coal/watar slurcy J5  3.00 2272,1  1525.1 360.) 548.3
Coal/oid slurry 780 3.50 2043,8 1710,8 286,90 523,3
Low Bty gasifjer zefit 1 ,529 1,99 4260.9  1118.1 3323 384, 9
Packaged shell stoker 2,780 1,99 4805,5 998.3 360.3 710.8
Packaged shell FAC 2 .80 1.7 5618.1  288.0 3603 720,9
Field erected atoker 1 .800 1,08 6809.0 Q8.4 358.1 612.0

1

1

1

po o ps pe g pe

Fleld exected FBC 800 1,77 7481.8 843.8 418.4 829.7
Pulverized coal boller 820 1.77 7928.3 823.,0 422.8 659.0
Cireylating FAC 2810 1,27 8915.1 _833.1 338.1 800,35

AIR FORCE PROJECT PRIVATE PROJECT

LIFZ LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,

COAL DISCOUNTED DBENEFIY/ PAYBACK DISCOUNTED BENEFIT/
¢ OF USE, AS SPENT COST PERIOD, AS SPENT COST

TECHNOLOGY UNITS __tonlyg x$ RATIO YK  4:3 RATIO
Natural gas boller - - 17,169 1,000 <-== Existing system, primary fuel
#2 Oi) fired boller = - 22,813 -
$6 01 fired bojler = - 0 ==
Micronized coal refit 1 17,2E8 17,120 1.003 26.0 18,844 011
Slagging burner refit Not applicable betause of space limitations
Modular FBC refit Not applicable because of space limitations
Stoker firing refit Not applicable because of space limitations
Coal/water slurry 1 18,419 21,237 .808 »31 22,945 7A8
Coal/oil slurry Not evaluated
Low Btu gasifier refit Nobt_espplicsble Lecause o ace limitations
Packaged shell stoker 2 18,176 20,443 844 >31 23,161 L741
Packaged sholl‘FBC 2 18,176 20,398 .842 »31 23,710 724
Field erected stoker 1 17,268 20,986 .818 >31 24,894 .690
Field exected FEC 1 17,268 21,403 .802 >31 25,650 .669
Pulverized coal boiler 1 16,847 21,879 .785 >31 26,357 .651
Circulating FBC 1 17,054 22,440 . 165 >31 27,414 .628

2:02 M4 Jan 11, 1989
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TINKER AFB: AFLC
BACKGROUND

Tinker is near Oklahoma City, Oklahoma. ‘The available information
for Tinker is poor, and it wae nol considered in che C. H. Guernsey
and Co. survey. There are twe boiler plants at Tinker AFB that are
large enough for some consideration. The heating plant in building
No. 3001 is rhe largest of these, with a yearly average fuel use of
roughly 150 MBtu/h. The heating plant in building No. 208 appears
to use 1 year-round average of about 75 MBtu/h of fuel. Natural-
gas-Erving is used with distillace oil as cthe secondary fuel. No
boilers at the base were designed for coal burning. Only plant No.
3001 was considered in the LCC analysis.

HEATING PLANT UNITS

Heating Plant No. 3001:

3 x 97 MBtu/h, Riley Stoker, 1942

Heating Plant No. 208:

4 x 4) MBtu/h, Wickes, 1942
IDEAL CAPACITY FACTOR ANALYSIS

The ideal capacity factors listed below were calculated from monthly
fuel-use data for plant No. 300l.

FY 1986
Fuel ideal
input capacity
{MBtu/h) factor
100 1.00
120 0.99
140 0.94
160 0.87
180 0.82
200 0.76
220 0.70

ENERGY PRICES

FY 1986 Price Data:

Electricity = $14/MBtu = 4.8¢/kWh
Natural gas = $2.85/MBtu

Note: Gas prices dropped during FY 1986 and apparently were near
$2.0/MBtu in the latter portion of the year.




5.

COAL PROPERTIES AND PRICES

Origin

HHV, Bra/ld

% Ash

Z Sulfur

X Nitrogen
Ash-softening tempecature, °F
Swelling index

Top size, in.

Bottom size, in.
Fines, X

Grindability index
Cost at mine, $/ton
Delivered cost, $/ton
Encrgy cost, $/106 Bru

ENVIRONMENTAL REGULATIONS

117

Scoker ROM
McCallister, Okla.
12,800 12,800
6-1 6-1
0.77 0.77
2080
3-5"5
2
0
55
43 (assumed) 35
51 43
1.99 1.68

6.1 Alr Pollution Emission Limits for New Sources

$0,.  For boilers <100 MBtu/h:
>100 MBtu/h:
HBtu;

0.6 Lb/MBLa.

KO,
>100 MBtu/h:
coal = 0.7 Yb/MBtu,

Particulates.

>100 MBtu/h:

6.2 Coal-Pile Runoff

Limit:

6.3 Ash Disposal

For 99 MBru/h:
0.05 1b/MBtu.

1.2 1b/MBtu;
FBC — 90Z reduction to meet limit of 1.2 1lb/
emerging technology — 50X reduction to meet limit of

0.3 1b/MBtu;

for boilers

No emsion limits for boilers <100 MBtu/h; for boilers
spreader stoker and FBC — 0.6 Lb/MBtu; pulverized

for boilers

Total suspended solids — 50 mg/L, pli of 6.0-9.0.

The ash will have to be analyzed to determine if it is hazard-

ous.

If nonhazardous, the ash may be disposed of in an exist-

ing or new landfill that has a lining of 3 ft of clay with a
bottom that is at least 5 ft above groundwater.

OTHER CONSIDERATIONS

The boilers in heating plant No. 3001 were identified for upgrading

in 1982.
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COAL-CONVERSICN PROJECT OUTLOOK

Tinker may be a poor candidate sccording to the AFLC MAJCOM. Tinker
does seem to be a large fuel user, however, and it is not clear what
would make it a poor candidate. Low gas prices make coal unattrac-
tive at this time.

A likely project would be to refit or replace two of the 97-MBtu/h
units in plant No. 3001. The boilers would have to be derated to 75
HBtu/h output each (-188 MBru/h total fuel input) because they were
originally designed for No. 2 oil. An overall capacity factor of
71X is expected, assuming 90X availability.

8.1 Effect of Environmental Regulations on Selection of Combustion

Technologies

S0,. The S0, emission limits will require the use of low
sulfur coal or S0, reduction measures with high-sulfur coal.

NO,. No special NO, reduction measures will be required for
any of the combustion technologies.

Particulates. Bag filters or electrostatic precipitators would
be required to comply with the particulate emission limits.

8.2 Physical Space and Aesthetics

lleating Plant. The existing boiler plant was originally
designed for No. 2 oil. There is only space available for
installing coal-water-mixture combustion equipment at the
existing boiler.

Coal-Handling Equipment. There is no information on the space
available at the existing plant, but it is probable that there
is not enough space available for installing dry coal-handling
equipment. There should be adequate space available for in-
stalling coal-water-mixture equipment.

Coal Pile. There is no information as to how much space is
available for a coal pile at the existing boiler plant.

8.3 Technical Risk of Combustion Technologies

The existing boilers are designed for No. 2 oil- or gas-firing
and therefore are only suitable for conversion to coal-water-
mixture firing. The technical risk is only moderate because
the boilers would be derated.




9.

COGENERATION PROJECT OUTLOOK

The prospects for a coal-fired cogeneration system appear to be
somewhat marginal. The base has a high minimum monthly average
electric load, 26 MWe, but the price of electricity is moderate
{4.8¢/kWh). Based on the FY 1986 energy-usc data, a cogeneration
plant with a boiler rating of 180-MBtu/h output and a 13-MWe turbine
generator would have an electrical pouer capacity factor of 90X and
a peak thermal output of 135 MBru/h with & thermal energy capacity
factor of about 90X if used as a baseload heating plant. A water-
tube boiler with a steam rating of 1450 psia and 950°F would be the
most suitable boiler for this cogeneration system.




10,  INPUT AXD LCC SWARY SPREADSHEETS

TITXER AFB: 2 X 73 MBty/hr, DCOMOMIC PAXAMCTINS = NOMINAL VALUELS
Total ateas output « 150.0 MBtu/hy
Boller capacity factor » ,712
Number of units for xefit = 2

Hydzated Lime price(S$/ton) » 43,00 QDAL MOTEZRYIES
Ash disposal price (Sfton) ™ 10.00 R.O.M, Stoker
Electric price (cents/kWh) m &, 80 Ash fraction » ,083 065
Labor rate (k8/yz) = 35.00 Sulfur fraction = ,008 008
Lisestone price (S/ton) = 20,00 HHV (3tu/lb) = 12800, 12800,
¥ULL IRICES UL mices
Natuzal gas poice (5/18uu) = 2,85 R.0.H4. cosd (§/MBLu) « ), 68
#2 O1) price (5/H8tu) = 4,7 Stoker coal (S/MBtu) = 1,89
#6 OlL price (3/1Btu) = ,00 Coal/R20 mix (§/MBtu) « 3,00
orrIons Conl/oil mix (5/18tu) » 3,50
Soot hlower multiplier =~ 1,0
Tube bank mod syestiplier » 1,0 Primary fuel is 3
Bottom ash pit multiplier » 1.0 NATURAL GAS
502 control multiplier = 1.0 1=98 O1), 2+42 O}, I=NG
LIMESTONE /LTHE

Inezt fzaction = .05

ECONOMIC PARAMETIRS

Inflation & discounting base year = 1988
Gen infla Indax ().487 to baze yr) = 1,040
Gas Infla index (10688 to base yz) = 1.000
01l infla Index (1988 to base yr) » 1,000
Cosl Infla Index (1088 to base yz) =~ 1,000
Project start yeur = 1090

Project li4e (yz) = 30

Depreciation 1ife (yx) = 15

General iInflatlon rate {I/yr) = 0
Type of gas escalation = egas
Type of oll escalation » eoll
Type of coal sscalation » acosl

Discount rate (I/yr) =~ 10

Rate of return on invest (X/yc) =« 17

Anount of working capital (month) = 2

Federal income tax rate (I) = 34

Local prop tax (& insur) rate (X) = 2

R CCALATION PATE (2

TYPE OF FUEL 1088 1900 1995 2000 ARD

EL ALATION _ _=1890 =1995 -2000 BEYOND
Gas egas 3.89 8,87 5,77 5.77
Ol eoll 4,86 7.87 4.16 4.16
Coal ecoal 1.16 2,31 1,19 1.18

1:11 B4 Oct 21, 1988
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7 1 L b/
Total steans gutput » 150.0 Misu/hr Cost bass yeaxr = 1948
Bolker capacity factor = .712 Peimazy Susl = NATURAL GAS
Number of units Lor refit « 2
ANXUAL COTTS
. ¢ TFUEL? FUEL  TOTAL HAINT  OTHER
OF STZAM IRICE CAPITAL  FUEL ORAY ORY
Irctivorony UNITS EFF S/t %3 1] x3 X3
Natucal gas bholler -= 800 2,85 .0 3333.0  302.7 872.2
> #2 OfL fired bollar == L8000 &N 0 5508.2 302.7 872.7
28 O} fired batler ==, 809 80 N ;0 0 )
Hicronized coal xefit 2 806 1,68 5843.0 1084,7 352.2 1180,1
Slagging burner refiv 2,800 1,88 1106G.8 10847 $557.2 1180.1
Hodular FBC sefit 2 L780 X608  123987.3  1980.86  S20.4 1112,68
Stoker fLiring refit 2 740 1.0 10202, 25159 817,98 1143.0
Coal/wster slurzy 2 .75 3.00 8793.5  3742.3  120.4 1007.8
Coal/oldl slurry 2,780 3.30 5667.4  4198,1 ANk 8872.7
ty gasiflier re 6 ) [ A28 480 2n
PacYoged shell avcker 3 740 1.88 132)7.9 2515.9 #17.5 1213.0
Packaged shell F23C 3 .760  1.68 12871,3 2068.%  520.4 1199.1
Fleld erected stoker 1 L7800 1,00 15787.4  2388.0  Al4.4 1008.0
- Fleld exected FXC 1,800 1.68 14323, 1964.7 8044 1001.8
Pulverized coal boller 1 800 1,88 17958.5 1064,7 $07.9 1078.8
Circulsting FIC 1,812 1.68  1778].7 10940.&  $17.3 1075,9
-
AIR_FORCE PROJECT FRIVAIE PROJECT
LIFE LIFE
CYCLE cYcLE
cosT, DISCOUNTED COST,
CoAL DISCOUNTED BEXEFIT/ PAYBACK DISCOUNTED BENEFIT/
¢ OF UsE, AS SPENT cosT PERIOO, AS SPENT COST
JECANOLOGY UNIts tonfve k3 RATIO vr X3 RATIO
Natuzal gus boiler - .- 66,471 1,000 <=== Existing system, primary fuel
#2 Ol tizxed boiler e - 9).817 -
428 031 {ired toiler -- = 0 ==

Mlcronized coal refit
Slagging burner refil
Modular FBC refit
Stoker Liring refi:

Kot applicable because of space limitations
Not applicable because of space limitations
Not applicable bacause of space limitations

Hot appliceble because existing bollers were designed for 42 oil

Coal/water slurry 2 48,722 53,082 1,252 14,9 57,0892 1,148
Coal/oil slurry Not evaluated

Low Btu gasifier refit Hot applicable becauss of space limitations

Packaged shell stoker 3 49,386 51,222 1,208 15.0 58,114 1,124
Packaged shell FBC 3 48,086 43,637 1,523 10.4 50,991 1,304
Fleld erected stoker 1 45,852 50,474 1,217 15.0 59,588 1.116
Fleld exected FEC 1 45,682 43,403 1,532 10,7 51,603 1,288
Pulverized coal boilar 1 45,682 49,702 1,337 14.9 59,849 1111
Circulating FBRC 1 45,118 &5,805 1,451 12,6 55,745 1,192

1:11 ™ Oct 21, 1988
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Total stemm output = 1509
Boiler capacity fLactor » ,712

Number of units for refit = 2

Mydrated lime price(S/ton) » 40,00
Ash disposst price (Sften) = 10,60
Electric price (conta/kWh) » 4,0
Labor rave (X3/yr) =« 35,00
Limeatons price (3/t2n) = 20,00

yUXL FRICES

Ratural gas price (3/M3tu) =« 2,388
#2 Of1 price (3/:8u) ~ 4.7
#6 011 price (§/MEtu) ~ .00

orrions

Soot bhlower multiplier ~ 1.0
Tube benk mod multiplisx ~ 1,0
Bottom azh pit multipller ~ 1,0
$02 control masitiplier = 1,0

L IMESTONT /L YHE

Inert {raction = .05

JOONOMIC PARAMETIERS

122

(ad 7

HAu/he

COAL FROPIXTIES

RO.H, Stcker

Ash Lzaction » ,083
Sulfur Lzaction = ,008
MY (Btu/lib) = 12800,
TUXL Micrs
R.0.M4, conl (8/HRru) ~ 1,68
Stokex coal (3/MEtu) = 1,09
Cosl/B20 mix (8/MBtu) = 3,00
Caal/oll mix (§/1mtu) = 3,50

Primary fuel iz 3
MATURAL GAS
1=$6 Of1, 2-42 Gi1, I=NC

Inflation & diacounting base year = 2084
Gen Infla index (1987 to base yr) =~ 1,080
Gea infls index (1968 to base yr) ~ 1,000
011 infla index (1988 to basze yr) = 1,000
Coal infla Index (1088 to base yr) = 1,000
Project start year =« 1980
Project Life (yr) « 30

Depreclation Life (yr)
Genexsl inflatlon rate {(2/yz)
Type of gas escalatfon
Type of oil escalation
Type of cosl escalation

»

15

]
egan
eoil
sconl

Discount rate (X/yc) = 10

Palte of return on invest (I/yr) = 17
Amount of working capital (month) » 2
Federal income tax xate (X) = J&
Local prop tax (& insur) rata (I) =~ 2

REAL ESCALATION RATE (2/vr)

TYPE OF FUZL 1068 1080 19903 2000 AND
FUEL ESCALATION = _=1999 =-1995 =~2000 ILYORD
Gas e0gas .28 4.70 5.49 2.75
0il eoil By 4,15 5.55 2,77
Coal acoal 1.46 1.76 1.51 .81

1:17 P4 Oct 21, 1988
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. b) - 87
Total steam output = 150.0 MBtu/hr Coxt bage ymar » 198%
Beiler capasity factor = 712 Peimary fuel = NATURAL GAS

Nushar of uniis for refit = 2

ANNUAL CO8TS
# FUEL! FUEL  TOTAL HAINT  OTIHER
OF STEAM PRICE  CAPITAL  FULL O&kN O&Y
[, 1] x5 X3 x$
“atuzal gas boller ~~ 800 2.85 .0 3333.0  J02.? 872.7
#2 OAL fized bholler == 300 471 .0 5508.2 02,7 672.7
e 0 ,0 .0

Hicxonlzed coal refit. 2 800 1.4 §843,0 18647 3W0.2 1180.1
Slegging burner zefit 2,800 1,68 1108G.0 1984,7 537.2 118041

Hoduler FOC refie 2,790 1,68 123592.) )480.6  520.4 1112.6
Stoker Liring refit 2 L0 1,09 1024N.7  25)5.0  81%.3 1143,0
Cosl/water slurry 2 7% 3,00 8793.5  3742.3 520.4 1C07.8
Coal/pil slurry 2 780 3,30 3667.4 A198.1  Al44 887.7

Lowty wesiClerxegit 3 839 1,99 134132 20269 480.0  2019.5

Packrged shell stoker ) 740 1,69  13237,8  2515.0 817,98 1215.0

Packaged shell F3C J 760 1.88 1257%.8 2088.) 520.4 1100.1

Fiald exected stoker 1,780 1.99 13787.4 2306, 8144 1006.9

Fleld ezectad FXC 1,800 1,88  1A323.9  1064,7  BO4,4 1001.4

Pulverized coal boiler 1 ,800 1,60 17958.5 1084.7 907.9 10768.6
27?7 2 A0, & ? 74

LIFE LIFE

CYCLE CYCLE

COST, DISCOUXTED CCsT,

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/
¢ OF USE, KS SPENT CoST PERIOD, AS SPENT COST

JrcuNotocY  _ UNIIS  tonlyr k$ RATIO Yy 3] RATIO
NMatural gas boiler -~ -- 49,607 1.000 <=== Existing system, primary fuel
#2 OL1 fired boliler - - 72,867 -
28 04y _gir.d boilex el el (4] ==
Micx.nized cosl refit Not applicable because of :{ucc limitations
Slegging burner refit Not applicable becausa of space limitations
Modular FBAC refit Not spplicable because of space limitations
Stoker firing refit Not applicable because existing bollexrs were designed for #2 oil
Coal/water slurry : 48,728 52,487 845 >31 57,280 866
Cosl/oi) slurcy Not evalusted
Low Bty gasifier refit Not _applicable becguse space linitations
Packaged shell stoker 3 49,388 50,821 .976 >31 58,703 .B45
Packaged shell FEZ 3 48,086 43,308 1. 145 16.3 50,653 .870
Fleld erected stoker 1 46,853 50,094 .990 >31 59,186 L0838
Fleld erected FBC 1 45,682 43,090 1,151 16.5 51,281 .967
Pulverized coal boller 1 45,682 48,360 1.004 30,2 59,528 .833
Circulating FBC 1 45,118 45,496 1,090 20,7 55,428 .895

1:17 Oct 21, 1988
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TINGR ATE: 2 X 73 Metu/hr, FVEL WAL JICALATION = D%
139.0

Total steam outpub =

Botlexr capacity Zactor »

Mumbiexr of units for refit =

Rydrated line price(S/ton) =

Ash disposal price (3/ton) =

Electric pzice (Centa/kth) ~

Labor zste {k3/y2) =

Lirestone price (3/ton) =
YUl rRICES

Bulural gas price (5/MAte) »

#2 OLL price (S/tAtu) »

#6 011 prica (3/H3tu) =

orTIong

Zoot blower multiplier =

Tube bank mod multiplier «

Bottom azh pit multiplier =

502 control multiplier »
LIMESTONE /LIME

Inext fracticon «

FCOMCHIC PARAMETERS

-712

2

40.00
10.00
4.80

35.00
20.00

2.83

L2

.00

1.0
1.0
1.0
1.0

.05

Motu/he

QOAL FROPERTIES

ROM, Stockex

Ash frectlon » 083
Sulfur fxaction » 008
HHV {atu/lb) » 12800,
FULL PRICKS
R.O.H, coal (8/MBtu) ~ 1.63
Stoker cosl (8/MBtu) =~ 1,80
Cosl /HIO mix (3/MBLu) = 3.00
Cosl/oil mix (Z/MBLu) = 3,30

Primary fuel {2 J
NATUPAL GAS
1«28 011, 2«42 Ol}, 3I=NG

Inflation & discounting basa yaar » 1380

Gen Infla Index (1987 to base yr) »

Gos inflas Index (1988 to base yx) »

OiL iulla Index (1983 to base yx) ~

Coal infla index (1053 to basa yr) =
Project start yaar =

Project 1ifa (yr) ~

Depreciation life (yx) ~

Genexal Inflation rate (X/yr)
Typa of gas ascalation

L]

Type of oll escalation =

Type of coal escalation
Discount rate (Z/yr)
Rate of return on invest (X/yr)

]
-
-

1.040
1.000
1.000
1.000
1990
30

15

0
2e10
2910
zazo
10

1

Amount of working capital (month) » 2
Federal income tax rate (2) =
Loccl prop tax (& insur) rata (2) = 2

. ES 1
TYEE OF FUEL 1008 1080 1905 2000 AND
FUEL ESCALATION ~1020 =1995 =2000 BEYOND
Gas zero 0 0 0 0
0l zerXo 0 0 0 0
Coal zero ] 0 0 0

1:22 M4 Oct 21, 1088
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» 7

Total stuam output = 150.0 HStu/hr Coat hane year = 1938

Boller capacity fLactor = 712

Priaazy f{uel = NKATURAL GaS

Kunber of uniis for relit « 2

ANNUAL COSTS
¢ FUEL} FUEL  TOTAL MAINT  OTHER
OF STEAM PMRICE  CARITAL FULL o&aH oaH

JECHNOLOGY UNITS EFF  Snwu %3 X3 X8 ) 4
Hatuzal gas boller == 800 2.83 0 3333.0  Je2.? 822.7
#2 011 Zized boller = L0800 4.7} .0 3508.2 2.2 672.7
25 0f] fired hoiler == 800 .00 ;0 ] .0 0

Miczonized coal refie
Stagging bumer xelit

Modular FBC refit

Stoker firing refle

Cosl/water sluzsy
Coal/oll slurry

kone Bty xastfier 2o
Packaged shell stoker

Packaged shell FBC

Fleld arected FXC

2 .80 1.6% 6843.0 10847 357.2 11801
2 .600 1.68 11086.0 1067 337.2 1180.1
2 .79 1.68 12597, 1080.8  829.4 Mk
2 L7400 109 10202.7 2518 M1F.5 1143.0
2 .750 .00 6793,.5 3423 2. 1007.8
2 .80 350 3867.& 41981 Als4 887.7
Ad. 8 DO 20)9
J0 1.9 13232.9 2518, Q115 1215.0
JJ60  1.68 125371.5 2068.1  320.4 1190.1

800 1.68  14323.9  1064.7  GO&.4 1001.8

3
3
Fleald arected stoker 1 .780 1,00 15787.4  2385.9  O14.L 1008.9
1
1

Pulverized coal bLoller

ulat

000 1,68 17058.3 10847 907.9 1025.6
328},7 40,4 1.3 034

AIR_FORCE FROJECY ~—JRIVATE FROIECTY

LIFE LIFE

CYCLE CYCLE

€047, DISCOUNTED CCST,

COAL DISCOUNTED BENEFLIT/ PAYBACK DISCOUNTED DBENEFIT/
4 0F USE, AS SPENT cost PERICO, AS SPENT €OoST

JECHYOLOGY usiis tonlyg X% PATIO Ye X3 FATIO
Natuzal gas boller - - 33,014 1,000 <~== Exiating systam, primary fuel
#2 Of1 fired boller == -- 50,881 --
$8 Of) {ired boller -- == 0 ==
Mlczonized coal refit Not applicable hecause of space limitations
Slagging burner refit Not spplicable because of spasce limitations
Modular FEC refit Not applicable because of space limitations
Stoker firing refit Not appliceble because existing hoilers were designed for #2 oll
Coal/watex slurry 2 18,728 47,275 W17 >31 51,020 .633
Coal/oil sluzry Yot avaluated
Low Bty gpasifier refit Kot _aprpljeabls begcause of space linitatjens
Packaged shell stoker 3 40,386 47,317 117 >3 55,100 .616
Packaged shell F3C 3 45,085 40,428 839 >3 47,690 .211
Fleld arected stoker 1 46,853 46,770 725 »31 55,177 .E08
Fleld erected FEC 1 45,682 40,354 L840 »31 AB8,467 .700
Pulverized coal holler 1 45,682 46,653 .727 31 56,714 508
Circulating FEC 1 45,118 42,793 193 >3] 52,649 N1Y)

1:22 M Oct 21, 1988
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ARNOLD AFS: AFSC
BACKGROUND

Arnold AFB is located near Manchester, Tennessee. The main steam
plant consists of 3 » 72-MBtu/h and a 24-HBru/h boiler, all c¢f which
were designed for medium wvolitile biruminous coal but now fire
natural gas and discillate (No. 2) oil (secondary fuel). Coal-
firing was replaced by gas and oil in 1970,

All units are Edgemoor Iron Works waterwall sterling~type boilers
with air prcheasters manufactured by Edgemoor installed on the threa
larger units. Satursted steam at 200 psig is produced. According
to C. H. Guernsey and Co., the large boilers have efficiencies of
76X, and the small boiler's efficiency is 71X. Peak load is re-
ported to be 210 MBru/h, and the yearly fuel use ranges from 600,000
to 700,000 MBru/year (an average of 69-80 MBtu/h).

HEATING PLANT UNITS

Heating Planc No. 1411:

24 MBrtu/h, 3 x 72 MBru/h, Edgemore Iron Works, 1951
IDEAL CAPACITY FACTOR ANALYSIS

The maximum possible capacity factors as a function of project size
are given belouv for plant No. 141l.

FY 1986
Fuel ideal
input capacity
(MBru/h) factor
60 0.99
70 0.94
80 0.89
90 0.83
100 0.77
110 0.72
120 0.66

ENERGY PRICES

FY 1986 Price Data:

Electricity = $13.0/MBtu = 4,.44¢/kiWh
Distillate = $6.88/MBtu
Natural gas = $3.81/MBtu




3.

6.

C. H. Guernsey and Co. Survey:

Electricity = 4.5¢/kwWh
Natural gas = $3.97/MBtu

COAL PROPERTIES AND PRICES

Sroker ROM
Origin Harlan, Ky. Sarah, Ky.
HHV, Bru/lb 13.200 12,000
X Ash 6~8 10
X Sulfur 1.3 1.5
X Nitrogen
Ash-softening vemperatuce, °F 2600 2600
Swelling index 46 3.5-4
Top size, in. 1 1/4 2
Bottom size, in. 1/4 0
Fines, X 5 35
Crindability index 46 41
Cost at mine, $/con 33 23
Delivered cost, $/ton 52 42
Energy cost, $,306 Btu 1.97 1.75

ENVIRONMENTAL REGULATIONS

6.1 Air Pollution Emission Limits for New Sources

127

S0, No emission limits for boilers <100 MBtu/h; for boilers

~ 90X reduction to meet limit of 1.2 1b/
HBtu; emerging ctechnology — 50X reduction to meet limit of

>100 MBru/h: FBC

0.5 1b/MBtu.

NO,. No emission: limits for boilers <100 MBtu/h; for boilers
spreader stoker and FBC — 0.6 lb/MBtu; pulverized

>100 MBtu/h:
coal = 0.7 1b/MBtu,

Particulates.
0.05 1b/MBtu.

6.2 Coal~Pile Runoff

Limit:

6.3 Ash Dinposal

For beilers

<100 MBtu/h:

Total suspended solids — 50 mg/L.

Coal ash ix classified as solid was

E = 0,6{10/(MBtu/
h))0.5566; for 72 MBtu/h: 0.2 lb/MBtu; for boilers >100 Histu/hs

extraction procedure
(EP) will be required to determine it .he waste is nonhazard-
ous. If the test is negative, the ash will be classified as
special waste. The Nashville Field Office will issue a
"Special Waste Approval," necessary to dispose of the ash in an
existing landfill.
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OTHER CONSIDERATIONS
None
COAL-CONVERSION PROJECT OQUTLOOK

It appears to be most economical to convert one 72-MBtu/h unit back
to coal. This corresponds to a fuel input of about 95 MBtu/h. The
maximum possible capacity factor based on monthly FY 1986 data is
about 80X. With a 90X equipment availability, a realistic capacity
{actor would be about 72Z.

8.1 Effect of Environmental Regulations on Selection of Combustion
Technologies

S0, and NO,, Any of the combustion technologies being consid-
ered could be employed without requiring any measures for NO,

or S0, reduction because the proposed conversion project is
smaller than 100 MBtu/h.

Particulates. Bag filters or electrostatic precipitators would
be required to comply with the particulate emission limits.

8.2 Physical Space and Aesthetics

Heating Plant. The existing boiler plant was originally
designed for coal. Thkere is space available for reinstalling
combustion equipment at the existing boiler or for construation
of a new boiler at another site on base.

Coal-Handling Equipment. There is space available for install-
ing coal-handling equipment at the existing boilers.

Coal Pile. There is space available for a coal pile at the
existing boiler plant or at a new site on base.

8.3 Technical Risk of Combustion Technologies

These boilers were originally designed for pulverized coal-
firing. The least technical risk would be for conversion to
micronized coal-firing, because no S0, reducticn measures will
be required for one boiler because it is <100 MBtu/h.

COGENERATION PROJECT OUTLOOK

Cogeneration would probably not be economical at this base because

of the reasonably low electric power rates that are available from
TVA.
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H 7
Total stems output = 72,0
Bollex capacity factor = .720
Number of units for refit = 1}
Bydrated lime price(3/ton) = 40,00
Ash disposal price (§/ton) = 10,00
Electric price (cants/kih) « 4,30
Lator rate (kS/yr) = 35.00
Limeatone price (8/ton) =~ 20,00
. rices
Natuzal gas price (5/MBRu) =
#2 0L price (S/MBtu) =
#6 0Ll price (5/MBtu) =
orrions
Soot blower multiplier =
Tube bank mod multiplier =
Bottoa ash pit multiplier »
S02 control multiplier =
LIMESTONE/LIME
Inert fraction =

3.9
A7)
,00

.03

ECONOHIC PARAMETERS
Inflation & diacounting base year
Gen infla index (1987 to baze yr)
Gas infla Index (1988 to base yr)
01} infla index (19088 to base yr)

Coal infla index (1988 to base yr)
Project start yeaar

Project life (yr)

Depreclation life (yr)

General inflation rate (X/yr)
Type of gas escalation

Type of oll escalstion

Type of coal wacalation

Discount rate (X/yr)

Rate of return on invest (%/yr)
Anount of working capital (month)
Federal income tax rate (X)

Local prop tax (& insur) rate (X)

129

-

INRUT AXD LCC SIRMARY SYREADSHEETS

MAtu/he

COAL FROTERTIES
R.Q.H, Stokex
Azh fraction « ,100 .070
Sulfur fraction = ,015 .013
AV (Beu/lb) = 12000, 13200,
YUEL PRICES
R.O.M. coal (3/MBtu) = 1,73
Stoker coal (3/MBtu) ~ 1,87
Coal/B20 mix (S/M3tu) = J.00
Coal/oll mix (5/MBtu) = 3,50

Poimary fuel is 3
NATURAL GAS
1=#5 O, 2=42 Ol1, 3I=NG

1988
1,040
1,000
1,000
1,000
1000
30

13

egas
eoll
scoal
10

17

34

TION RATE (2/yr

TYPE OF FUEL 1988 1990 1995 2000 AND
FUEL ESCALATION -1980 =-1895 =2000 BEYOND
Gas egas 3.89 8,87 5.77 5.77
oil eoil 4.86 7.87 4,16 4.16
Coal ecoal 1.1€ 2,3 1.19 1,19

10:52 AM Oct 19, 1888




H 2 P S = V,
Total stesm output = 72,0 MStu/hr Cost base year = 1038
Boilex capacity Lactor =~ .720 Primary fLuel = NATURAL GAS

Number of unita for refit = 1

ANNUAL €QSTS
# TFUEL} TFUEL TOTAL HAINT OTHER
OF SIEAM PRICE CAPITAL FUEL O&H O&HY
IECHROLOGY UNITS EFF__ S0ty x5 k8 k3 k3
Natuzal gas boiler -+ 800 3,07 .0 2253.6 202,2 525.0
#2 Oil fired boller - L8000 &N 0 2873.8 202,2 525.0
28 011 izad boller == 000 00 .0 0 0 0

Micronized coal refit 1 ,8G0 7,78 3139,6  993.4 420.3 718.5
Slagging burner xefit 1,800 1,735 5424,2 6034 420.3 10,5
Modular FBC refit 1 .10 1,25 62989.0 1006.0 3909.8 §95.90
Stoker fizing refit 1 .760 1,07 3683, 1177.1 390,68 673.2
Coal/water slurcy 1 .750 .60 2042,2  1816.3 9.6 €07.3
Coal/oll slurzry 1 .780 3.50 2536.6 2037.7 318,2 573.0

" 82 7 343 1 3 368 44,7
Packaged shell stoker 2 ,760 1.97 5475, 1177.1  300,6 770.8
Packaged shell FRC 2 .760 1.78 U908.8  1045.7 300.6 702.5
Fleld erectad stoker 1,800 1,97 8119.7 1118, 397.2 864,98
Fleld erxected FBC 1,800 1.75 8050.4 003.4 464,1 695.6
Pulverized coal boiler 1 820 1,75 0468.,3 068.2 468,90 724.4

Circulating FBC }._,810 1.75 10790.0 ©8},1 3972 262,9
AIR_FQRCE FROJECT  PRIVATE PROJECT
LIFE LIFE
CYCLE CYCLE
CosT, DISCOUNTED cosTt,
COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/
¢ OF UsE, AS SPENT COST PERIOD, AS SPENT COST
TECHNMOLOGY UNIIS ton/yg x$ RATIO Yr ) 1] RATIQ
Natural gas boiler - - 45,408 1,000 <-== Existing systean, primary fuel
#2 011 fired boller “- -~ 48,608 -
$5 011 fired boiler - == 0 ==
Micronized cosl refit 1 23,652 21,239 2,141 3.9 23,368 1.046
Slagging burner refit 1 23,652 23,168 1.063 5.7 25,489 i.217
Modular FBC refit 1 23,951 23,600 1,027 6.2 27,334 1,683
Stoker firing refit Not applicable because existing boiler was designed for julvarized coal
Coal/water slurry 1 25,229 27,624 1.646 5.8 29,789 1,528
Coal/oil slurry Not evaluated
ow t 348 28,215 1,812 8.3 32,101 1,416
Packaged shell stoker 2 22,633 25,101 1,811 6.4 28,476 1.597
Packsged shell FBC 2 24,897 25,226 1,802 7.1 28,303 1.552
Fleld erxected stoker 1 21,502 25,887 1.756 7.8 30,572 1.487
Fleld axected FBC 1 23,652 26,247 1,732 8.4 31,346 1.451
Pulverized coal boiler 1 23,075 26,7186 1,702 8.8 32,080 1,417
Circulating FBC 1 23,360 27,578 1,649 8.7 33,610 1,353

10:52 A4 Oct 19, 1088
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. 7 -
Total stemm output = 72,0 Mitu/hr
Boiler capacity factor = ,720
Numbex of units Zor refit = 1

Hydzated llme price(8/ton) = 40,00 COAL PROPIRYIES
Ash disposal price ($/ton) = 10,00 RO.M, Sueker
. Electzic price (conts/kWh) = 4,50 Ash Lzaction = ,100 70
Labor rats (k§/yr) = 35.00 SulZur fraction = ,013% .013
Limestone price (5/ton) = 20.00 HEV (Btu/ih) = 12000, 13200,
YUZL mICES YUIL miIcrs
» Natural gas price (S/MBtu) = 3,97 R.O.M, coal (S/MBtu) = 1,78
#2 Of} price (3/MBtu) = 4,21 Stoker coal (S/MBru) = 1,87
#6 Ol prize (§/¥@tu) « .00 Coal/#20 mix (S/MBtu) = 3,00
orTIONS Coal/oil mix (S/MBtu) = 3,50
Soot blowes multiplier = ,0
Tube bank mod multiplier = .0 Primary fuel 2 3
Bottom ash pit multiplier « 1.0 NATURAL GAS
802 control multiplier = [0 1~#6 011, 2=42 Ol1, I=KG
LYMESTONY /LIME

Inext fraction = .08

EOONCMIC PARAMETIRS
Inflation & discounting base year = 1838
Gen int.a index (1987 to base yr) = 1,040
Gas infls index (1988 to base yr) = 1,000
01l infle index {1988 to base yr) = 1,300
- Cosl Infla index (1988 to base yr) = 1,000
Project starxt year = 1990
Project 1life (yx) = 30
Depreciation life (yx) = 13
General inflatlion xcte (X/yr) =« 0
Type of gas escalation = egas
Type oZ oll escalation = eoll
Type of cosl escalation = scoal
Discount rate (I/yr) = 10
Rate of return on invest (X/yr) = 17
Amount of working capital (month) =~ 2
Federal income tax rate (X) = 34
Locul prop tax (& insur) rate (X) « 2

—REAL ESCALATION RAJE (X/¥g)

TYPE UF FUEL 1088 1990 1995 2000 AND

FUEL__ ESCALATION _ _=1990  -1995 =200 BEYOND
Gas agas 2,28 .70 5.49 2,75
¢ oiL eotl .17 4,16 5.55 2.77
Coal scoal 1,48 1.76 1.61 .81

11:00 A¥ Oct 19, 1988
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. 7 -
Total stesm output « 72,0 Mdtuw/hr Tost base yesr = 1033
Boiler capacity factor = ,720 Primsry fuel = NATURAL GAS

Ku=bar of units for refit = 1

ARNUAL COSE3
¢ FUELS FUEL TOTAL MAINT OTHER
OF SIEAM PRICE  CAPITAL FUEL O&MH O&HM
JECHNOLOGY UNITS EFF__$/MMtu X3 x5 x$ x3
Natursl gas boiler -~ 800 13,97 9 2253,6 202.2 525,0
#2 Oil fizead boiler == 800 &,71 .0 2673.6 202,2 525.0
26 04} fized boller == 000 L00 ,0 10 0 ,0

Hleronized coal reflt 3y 800 1,75 3138,6 903.4 420.3 710.%
Slagging burner zegfit 1,800 1,75 S474,2  993.4 420.3 VR
Hodular FAC refit 1,780 1,75 62909.9 1006.0 380.6 695.9
Stoker firing refit 1,760 1.97 3853.3  1177.1  390.6 875.2
Cosl/water slurrcy 1 .75 .00 20842,2  1816.5 399,68 607.3
Coal/oil slurry 1,780 3.50 2536,6 2037.7 8.2 §73.0

ow Bty ga [) 87 34 8,3 368 AL 7

Packaged shell stoker 2 ,780 1,97 5475.5 1177.1  399.6 770,.8
Packaged shell FBC 2 ,760 1,75 6908,8 1045.7 300.6 702.5
Fleld axected stoker 1 .800 1,97 0119,7 1118,2 3972.2 664.6
Fleld eracted ¥AC 1 800 1,75 8950.4  993.4 AGA,1 605.6
Pulverized coal boiler 1 ,020 1,75 0468.3 069.2 A68.0 7244
ula 7 790,0 ] 7,2 78
ATR FORCE PROJECT —PRIVATE PROJECT
LIFE LIFE
CYCLE CYCLE
COST, DISCOUNTED QOST,
COAL DISCOUNTED BENEFIT/ PAYBACX DISCOUNTED BENEFIT/
¢ OF USE, AS SPENT cest PERICD, AS SPENT COST
JECHNOLOGY UNITS tonfyr x$ BATIO yE k3 RATIO
Natural gas boiler - - 34,085 1.000 <-== Existing system, primary fuel
#2 041 gired bofler - - 37,312 -
$8 011 fired boiler et = 0 bt
Micronized coal refil 1 23,652 21,081 1,616 4.7 23,206 1.468
Slagging burner rafit 1 23,652 23,010 1.480 7.3 26,326 1.204
Modular FBC refit 1 23,051 23,440 1,453 8.0 27,169 1,254
Stoker firing refit Not applicable because existing boiler was designed for pulverized coal
Coal/water slurry 1 25,229 27,335 1,246 9.0 28,492 1,155
Coal/oil slurry Not evaluated
Low Btu gasifler refit 2 25,348 28,005 1,218 12,4 31,885 1,068
Packaged shell stoker 2 22,633 24,014 1,367 8.6 28,284 1.204
Tackaged shell FBC 2 24,897 25,080 1,358 9.6 29,132 1,169
Fleld crected stoker 1 21,502 25,709 1,325 10.7 30,389 1.121
Fleld erected FBC 1 23,652 26,089 1.306 11.5 31,183 1,092
Pulverized coal boiler 1 23,075 26,562 1,282 12.2 31,822 1.067
Circulating FBC 1 23,360 27,422 1,242 13.6 33,450 1,018

11:00 AM  Oct 19, 1988
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ARNCD AFS: 3 X 72 WBty/hr, FUTL RYAL KSCALATION + IERO
Total steam output = 72,0 UStu/he
Boiler capacity factor « ,730
Husber of units for zefit = 1

RQ.M. Stoker

Hydrated lime pricei5/ton) = 40.00 COAL PROFIRIIES
Ash disposal pzice (8/ton) » 10.00
Electric price (cents/kkh) = 4,50 Ash fraction = ,100 .070
Labor rate (k3/yz) = 35.00 Sulfur fraction » ,045 013
Limestone price (S/ton) » 20.90 IV (Btu/lbh) » 12000, 13200,

FUIZL FRICES

Natural gas prica (S/tltu) » 3.7

FUEL YPRICES
R.0.M. coal (§/Mitu) = 1,73

#2 011 price (5/MBAu) » 4.7 Stokex coal (3/iBtu) = 1,97
#6 OiL price (S/MBtu) = .00 Coal/H20 mix (5/MBru) = 3,00

OrTIONS Coal/oll mix (3/1Btu) = J,50
Sost blower multiplier » .0

Tubé bank mod multiplier »
Bottom ash pit multiplier =
S02 contro), multiplier =»

Pzimary fuel is 3
NATURAL GAS
In46 OlL, 2=42 OL1, JI=NG

LIMESTORE /LIME
Insxt Lraction = .05

ECONOMIC PARAMETERS
Inflation & discounting base year = 1088
Gen infla index (1987 to base yr) = 1,040
Gas infla index (1988 to hase yr) = 1,000
Of1 infla index (1988 to base yx) = 1,000
Coal infla index (1088 to baze yx) = 1,000
Project atart year = 1990
Project Llife (yz) = 30
Depreciation life (yz) = 15
General inflation rate (X/yc) = 0
Type of gas escalation = zero
Type of oil escalation = zero
Type of coal escalation = zexo
Discount rate (X/yr) = 10
Rate of xeturn on i{nvest (X/yr) = 17
Amount of working capital (month) = 2
Fedsral incowme tax rate (X) = 34
Local prop tax (& insur) rate (1) = 2

REAL ESCALATION RATE (2/yr)

TYPE OF FUEL 1088 1980 1995 2000 AND
FUEL ESCALATION  _-1900 -1895 -2000 __ BEYOND
Gas zero 0 0 0 0
01l zero 0 0 0 0
Coal zexo 0 0 /] 0

11:06 AM Oct 19, 1988
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. 2 "~
Total staam outpul =~ 72,0 MBtu/hr Cost, hane year = 1088
Boller cepacity Lactor = ,220 Primasy fuel = NATURAL GAS

Number of units for refie = 1

——ANNUAL GOSTS
¢ FUIL/ FUIL  TOTAL HAINT  OTRER
OF STEAM FRICE CAPITAL FUEL O&H O&M
s h T 1) k$ X3 x$
Natural gas boller -~ 800 3W 0 225386 202,2 325.0
#2 O11 fired boiler == ,800 4,71 0 26736 202,2  325.0
28 O1) fired bojler ~ =- 800  .Q0 .0 .0 0 Qo

Hicronized cosl refit
Slagging burnar refit
Hodular FBC rafit
Stoker Liring refit

800 1,78 3139,6 993.4 4203 710.5
800 1,78 A74,2 9.4 420.3 710.3
780 1.78 6200.9 1008,0 398,68 895.9
760 1.97 3653, 77,1 398,68 875.2
Cosl/watex rlurey 2750 3.00 2842,2 1818.5 389.8 807.3
Coal/oll slurzy 780  3.50 2538,6 2037.7 318,2 373.0

" 7 7 ] AL, 27
Packaged shell stoker 2 ,760 .97 5475,5 1177.1  399.8 770.8
Packaged shall FBC 2 .60 1,75 6908.8 1043.,7 380,68 7902.5
Fleld exected stoker 1 .800 1.97 8119,7 1118.3 2397.2 564.8
1
1

Pt Pt b b pe P

Fleld exected FAC L8006 1.75 8050.,4 983 4 484,121 895.8
Pulverized coal boller .820 1.73 0468.3 969.2 ABS.9 7244
Cizrevlating FBC 1 810 1,73 10760.¢ 9B1.1 3987.2 282.%

———AIR FORCE FROJECT _ __ FRIVATE PROJECT

LIFE LIFE
CYCLY CYCLE
COST, DISCOUNTED COST,
COAL DISCOUNTED BENEFII/ PAYBACK DISCOUNTED BENEFIT/
# OF USE, AS GPENT CosT PERIOD, AS SPENT COST
JECHNOLOGY UNITS ton/yr kS BAIIQ 44 k$ RATIOQ
Natural gas boiler e - 23,455 1.000 <-== Existing system, primary fuel
#2 011 firzed doller - - 28,728 --
256 03} fired boiler == == 0 et
Micronized cosl refit 2 23,652 19,697 1.191 6.4 21,783 1.077
Slagging burner refit 1 23,652 21,827 1,085 12.3 24,903 0842
Modulsr FBC refsit 1 23,051 22,038 1,064 15.2 25,728 .912
Stoker firing retit Not applicable because existing boiler was designed for pulverized coal
Coal/water slurry 1 25,229 24,805 .48 >3 265,801 .872
Coal/oll slurry Not evaluated
[ t 4 28,169 ;896 >31 29,997 2282
Packaged shell stoker 2 22,83 23,274 1,008 25.2 26,598 .882
Packaged shell FBC 2 24,897 23,608 904 »31 27,634 849
Fleld srected stoker 1 21,502 24,152 871 >31 28,787 ,815
Fleld erected FBEC 1 23,652 24,795 L8948 >31 28,761 .788
Pulverized coal boiler 1 23,075 25,212 .930 >31 30,534 .768
Clreculating FBC 1 23,360 26,056 800 >3] 32,045 2732

11:C6 AM  Oct 19, 1088
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HANSCOM AFB: AFSC
BACKGROUND

Hanscom AFB is located near Boston, in Bedford, Massachusetts.
There is a central heating plant with four boilers, each with a
capacity near 50 HMBeu/h. All boilers were designed for residusl
(No. 6) oil combustion and are Lwo-drum sterling water-tube boilers.
The primacy fuel is No. 6 oil, with natural gas as the secondary
fuel. The steam plant produces 100 psig saturated steam. The
yearly average fuel use is roughly 85 MBtu/h.

HEATING PLANT UNITS

Heating Plant No. 1201:

3 % 51.3 MBtu/h, Erie City Iron Works, 1953
1 x 49.4 MBtu/h, E. Keeler Co., 1961

x
IDEAL CAPACITY FACTOR ANALYSIS

The ideal capacity factors listed below were cilculated from monthly
fuel-use data for plant No. 120l.

FY 1986
Fuel ideal
input capacity
(MBtu/h) factor
60 0.99
70 0.94
80 0.90
90 0.84
100 0.80
120 0.70
150 0.56

ENERGY PRICES

FY 1986 Price Data}

Electricity = 6.8¢/kWh
Natural gas = varied from $2.4 to $3.9/MBtu
Residual oil = $5.13/MBtu

C. H. Guernsey and Co. Survey:

Electricity = 6.07¢/kWh
Natural gas = $6.2/MBtu (looks like an error)
Residual oil = $4.67/MBtu
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Stoker ROM
Origin Slago, Pa. Slago, Pa.
HHV, Bru/lb 13,000 12,800
X Ash 7~-9 8-10
X Sulfur 1.8-2.2 1.8-2.2
X Nitrogen 1.32 1.30
Ash-softening temperature, °F 2500 2300
Swelling index 6-8 6-8
Top size, in. 15/8 2
Bottom size, in. 1/2 0
Fines, X 5
Grindability index : 50-55 50-55
Cost at mine, $/ton 40 26.50
Delivered cost, §/ton 66.00 52.50
Energy cost, $/10¢ Bru 2.54 2.05

ENVIRONMENTAL REGULATIONS

6.1 Air PollurLion Emission Limits for New Sources

50,. 0.55 1b/MBtu.

No emission limits for boilers 4100 MBtu/h; for boilers

0 MBtu/h: spreader stoker and FBC — 0.6 lb/MBtu; pulverized
1 = 0.7 1b/MBtu.

Particulates. For boilers >3 and <100 MBtu/h: 0.1 1b/MBtu;

for boilers >100 MBtu/h: 0.05 lb/MBru.

6.2 Coal-Pile Runoff

Limit: Total suspended solids — 50 mg/L.

6.3 Ash Disposal

Ashes are classified as rubbish and may be disposed of in any
approved sanitary landfill.

OTHER CONSIDERATIONS

In 1980, the p'anned retirement date for these units was 1985, and
the condition of the plunt was described as poor. According to the
C. H. Guernsey and Co. sixvey, the same boilers are still in place,
but an upgrade of the plam is in pregress.

There are discrepancies in the fuel prices and which fuel is used
for the boilers. It appears that gas is burned when available, and
the cost is $2.4-3.9/MBtu. From examining the DEIS data, the gas
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supply seems to be interrupcible and becomes unavailable in the
winter months. The price of gas caported in the C. H. Cuernsey and
Co. survey seems to be an error.

COAL-CONVERSION PROJECT OUTLOOX

A likely conversion project would involve conversion or replacement
of one unit. If a unict with a coal-firing output capacity of 50
MBtu/h (roughly 62.5 MBtu/h fual input) were installed, an overall
capacity factor of about 88X would be expected (assuming a 90X
equipment availability).

8.1 Effect of Environmentsl Regulations on Selection of Combustion

Technolagies

30,. The strict S0, emission limit will vcequire 86X SO,
reduttion while burning 2% sulfur coal, which will necessitate
the us¢ of limestone addition with micronized coal or the use
of deep-clesned, coal~water-mixture fuel.

NO.. Hicronized coal or coal-water-mixture firing reportedly
can meet che NO, limit of ©€.7 ib/MBtu for pulverized fuel
firing.

Particulates. Bag filters or electrostatic precipitators would
be required to comply with the particulate emissjon limits.,

8.2 Physical Space and Aesthetics

Heating Plant. The existing boiler plant was designed for
No. 6 oil. There is space available for installing coal-water-—
mixture or micronized coal, bLut not stoker or FBC, combustion
equipment at the existing boiler. There is not enough space
available for a new coal-fired boiler at cthe existing plant,
nor is there any site available within a reasonable distance of
the heat-distribution system for a new plant.

Coal-Handling Equipment. There is not enough space available
for installing coal-handling equipment at the existing boiler.
Coal-water mixture fuel could probably be used.

Coal Pile. There is not enough space available for a coal pile
on base.

8.3 Technical Risk of Combustion Technologies

Because of space limitations, the only technolegy available for
conversion 1is coal-water-mixture fuel, and this would be
limited to deep-cleaned fuel because of the strict S0, limits.
The technical risk is moderately high because of the limited
experience with this fuel for firing oil-designed boilers at
full rated load.
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COGENERATION PROJECT OUTLOOK

There is not enough space available for locating a new coal-fired
cogeneration plant on base within a reasonable distance of the
existing heat-distribution system,
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10, INPUT AND LCC SUMMARY SFREADSRITTS

BARSCOM ATR: 1 X 30 MBty/hx. RCONCRMIC PARAMETINS - BOQUNAL VALUDE
Total steam output » 30,0 Mitu/he
Bollar capacity factor « . 88)
¥eabear of unita for Tefit =1

Rydrated lime price{3/ton) =~ 10,00 COAL TROFERTIES
Ash dispossl price (3/ton) = 10,00 RLOM, Stsker
Electric price (cents/kWh) = 6,10 Ash fzacttion = 090 080
Laboxr rate (k3/yr) = 33.00 Sulfur fraction = ,020 020
Limestone price (3/ton) = 20,00 HRV (32u/1dh) -« 12800, 13000,
UYL FRIcCzs UL MiIces
Katuzal gas price (§/Mtu) « 3,30 R,0.M, coal ($/1Btu) » 2,03
#2 OL) price ($/MBLu) = .00 Stokar cosl (S/MEtu) = 2,54
#8 OIX price ($/MAry) -~ 3,67 Coal/R20 m»ix (SMALu) ~ J,.00
orrIons Coal/oll mix (3/Mitu) = 3,50
Soot blower sultiplier = .0
Tube bank mod miltiplier = 1.0 Primary fuel is 1
Bottom ash pit multiplier = 1,0 #8 FUEL OIL
S$02 contzol multiplier = X.0 1=48 011, =42 Oi1, J=NG
LDMESTONY /LD

Inert fraction = ,05

POONOMIC PARAMMKTIRS
Inflation & discounting base year & 1088
Geni infla index (1987 to base yr) = 1,040
Gas infla Iindex (1588 to base yr) = 1,000
0L infls index {1088 to base yr) = 1,000
Cosl {nfla index (1088 to base yr) » 1,000
Project starl year « 1990
Project life (yr) = 30
Depreciation Life (yr) ~ 15
General Inflation rate (X/yr) = 0
Type of gas escalation = egaz
Type of oll escalation = eoll
Type of coal escalation = ecoal
Discount rate (X/yx) = 10
Rate of return on J~vest (X/yr) = 17
Amount. of working capital (month) = 2
Fedezal income tax rate (I) = 34
Local prop tax (& insur) rate () = 2

——REAL ESCALATION BATE (Xf¥2)

TYPE OF FUEL 1088 1080 1085 2000 AND
FUEL ESCALATION -1990 -1993 -2000 BEYOND
Gas egas 3.89 8.87 5,77 5.77
oi1l (1188 4.86 7.87 4,16 4.18
Coal ecoal 1.16 2,31 1.19 1.19

4:15 P4 Oct 10, 1988
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e

Total steam outpul » 59,0 HSwu/he
Botler capacity ZLactor ~ .80}

Nusber of units for refit =}

g w AL, V¥,
Cost base yesr « 1048
Poimary fual » #6 FUEL OIL

AXKUAL coers
¢ TURL QL TOTAL HAINT  OTHER
OF STIAM TRICE CAMTAL FUEL OkNM Q&N
JEootocy URirs _fre Five 33 DRID. 2 4 x3 X3
Matural zas boller -~ 820 3.5 9 16020 185.4 94,9
92 O1) 25748 ollar == 800 .00 .0 0 0 .0
£3 Qi3 {fxed btoiler ==_ 833 23,67 K] 1234,2 1834 494, 9
Hlczonizad coal redfe 1 820 2,03 W2 9L 388.2 8148
Slagging burner xelly 3 803 2.08 £773.¢ s 368.2 14,6
Modular FIC retit 1 I8 2,03 5120,1  1623.6 130.4 m.a3
Steker fixing refit 1 N0 2.5 44387 2.3 A8 76: .4
Coal/water slurcy 1 .78 .00 20281 15870 350.4 709.9
Coal/oll slurgy T 780 .50 2373.8  1735.4 8.0 §02.8
{1 1{lf{er 1o 8 3 4997 [} 7
Packaged shell atoker 1 740 238 4031.2 132).5  sa.e 84,4
PFackazed shell T 1 .780 2,05 4837.0  1043.2  350.4 778.5
Fleld ezscted stoker 1,780 2.5 7672.2  1280.4 5308 749,35
Fleld erected FXC 1 880 2,05 7220.9 93L.% 402.0 769.7
Pulverizad coal boller 1 800 2,08 8842, 0fl.} 02,7 801.8
Circuleting FP6 1,810 2085 B3sr.6 D788 3483 404.3
AIR FORCE TROILCT ~ TRIVATE PROJECT
LIFe LIFE
cYcLE croLE
cosT, DISCOUXTED COST,
caAL DISCOUNTED BENEFLIT/ FAYBACK  DISCOUNTED BENIFIT/
¢ OF vse, AS SPINT cost PERIOD, AS SPENT <osT
JEGEMOLOGY ~  UNIfS  tenivg X3 FALIO ¥g X3 PATIO
Natural gas boller ue - 35,046 ==
#2 011 fized boiler ot - ] -
28 011 fived boiler - == 32,3280 1,000 <ee= Existing svstem, nrimary fuel

Micronized coal refit

Not applicable because of space limita.ions
Not applicable because of space limitations
Kot applicable becauss of space limitations
Not applicable because existing boilar was designed for #8 oll

Slagging burner refit
Modular F3C refit
Stoker firxing refit

Coal/water alurry 1 20,143 25,537 1.267 10,1 27,686 1,168
Coal/oil slurry Not evaluated
Low Btu gasifier refit Not _arplicable begcause o sce linmitations

Packaged shell stoker
Packaged shell FBC
Field erected stoker
Fleld erected FAC
Pulverized coal boller

Not applicable becauss of space limitations
Not applicable bacause of space limilations
Not applicable bacavis of space limitations
Hot applicable bscause of space limitations
Not applicable hecause of space limitations

Cireulating FBC Not applicable because of space limitations
&4:15 P4 Oct 19, 1988
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Total steam output » 30.0
.88

Boller capacity Cactor »
Nusher of unita for refit =
Rydzated lime prica(S/ton) =
Azl dlsposal price (5/ten) =

FUYL MICES

Natuzal gas price (3/i8tu) = 3,30

#2 O11 price (5/tBtu) =

#8 OIL price (3/MBtu) =~ 3.67
orrions
Soot blewar multiplier = .0
Tube bank ©od sultiplier = 1.0
Bottom ash pit sultiplier = 1,0
502 control multiplier =~ 1,0

LIMESTONE /LIHE
Inext Lraction =

ZCONOMIC PARAMETERS
Inflation
Gen infla
Gas infla
Ol {nfla

Coal infla

1

40,00
10,00
Elvctric price (cents/Xkh) = 6,10
Labor zate (k3/yr) = 33,00
Limestons price (§/ton) = 20.00

.00

03
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3

3tuthe

COAL IROPERTIZS

R.OQ.M, Btoker

Ash Lraction = ,000
Sulfur frastion » ,020

HEV (Bru/lb) = 12800,

FUEL FRICES

R.O.H. coal (§/MBtu) = 2,05
Stoker coal (3/H8tu) = 2,54
Coal/H20 mix (S/18tu) = J,00
Cosl/oil mix (8/M8tu) = 3,50

Primary fuel ia 1
#58 FUEL OIL
1=#8 Oi1, 2-#2 Of1, 3I=NG

& discounting base year ~ 1088
index (1987 to base yz) =
index (1988 to bass yz) =
index (1988 to base yr)
{ndex (1928 to hase yr)
Projeact start year
Project Life (yr)
Depreciation life (¥r)
General inflation rate (X/yr)
Type of gas escalation

Type 5f oil escalation

Type of coal escalation

Discount cate (X/yr)

Rate of return on lavest (X/yr)
Amount of working capital (month)
Federal income tax rate (X)

Local prop tax (& insur) rate (2)

1,040
1,000
1.000
1,000
1890
30

15

0
egas
e0il
scoal
10

17

k1)

REAL ESCALATION RATE (2/vyr)

TYPE OF FUEL 1088 1890 1085 2000 AND
FUEL ESCALATION =1090 ~19085 =2000 BEYOND
Gas egas 2,28 A,70 5,49 2,75
oll eoil W17 4.16 5.55 2,77
Coal ecosl 1.46 1,76 1.61 .81

4:28 P4 Oct 19, 1988
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. L) 7
Total steam output = 50.0 MBetu/hr Cost base yesr ~ 1688
Boller capacity factor » 8083 Primary fuel = ¢8 TUEL OIL
Number of units for xefit =1
—ANNUAL COSTS

¢ FUEL/ FUEL  TOTAL MAIKT  OTHER
OF STEAM TRICE CAPITAL FURL O&kH O&M

JRcHNOlOGY UNITS EFF  S/MBew  k$ .4 k$ k$

Natural ges bofler -= L800 3.2 .0 1892.0 185.4 QA9

#2 O1) 2ired boller == ,800 .60 .0 .0 0 .0

28 041 fired bofler

= 800 3,67 ;0 1774,2

183.4 404,90

Micronized coal xefit
Slagging burmer refit
Modular FBC refit
Stoker Liring refit
Coal/watar slurry
Cosl/oll slurry

L800 2,05 2087.4 901,21

.800 2,05 A775.8  991.1

W80 2,08 5420.1 1003.6
J40 0 2,54 4418, 13273
750 3,00 2028,%  1347,0
.780 3,50 2375.5 1735.4

4 4097 4

Packaged shell atoker 1,740 2,54 4931,2  1327.5
Packaged shell F3C 1,780 2,03 4837.0 1043,2
Fleld erected atoker 1,780 2,5 7077.2  1259.4
1
1

Pa et e g e 2

Fleld erscted FBC 800 2,05 7229,0 981.1
Pulverized coal boilex .800 2,08 0042,1 901,12

J68.2 814.6
368.2 814.6
330.4 ma
541.0 784,4
350,4 700.9
279.0 602.8
?
341.9 84,4
350,4 178,35
330.8 740.5
407.0 789.7
602.7 801.6

[] 2 4 4
— AR FORCE YROJECT . TPRIVATE FROJECT
LIFE LIFE
CYCLE CYCLE
CosT, DISCOUNTED COST,
COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/
¢ OF USE, AS SPENT cosT PERIOD, AS SPENT COST
JrcHroloGY UNITS  ten/vr k3 RATIO Y x$ RATIO
Natural gas boiler - i 26,484 -
#2 Of1 firxed boller ble - 0 -
13 011 fired bojler == = 26,182 1,000  <«==- Existing_system, primsry fuel
Micronized cosl refit Not applicably because of space limitations
Slagging burmner refit Not applicable because of space limitations
Modular FBC refit Not applicasble because of space limitetions
Stoker Liring refit Not spplicable because existing boller was designrd for ¢#6 oll
Coal/watexr slurry 1 20,143 25,24, 1.033 23.6 27,433 B-A)
Coal/oll slurry Hot evaluated

Low Btu gasifier refit Not applicable because of space limitations

Packaged shell stoker Kot applicable because of space limitations

Packaged shell FBC Not spplicable because of spaco limitations
Fleld erected stoker Not applicable because of space limitations
Fleld erected FBC Not applicable because of space limitations
Pulverized coal boiler Not applicable because of space limitations
Circulating FBC Not applicable because of space limitations

4:28 PM Oct 19, 1988
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. v -
Total atesm output = 50,0 MBtu/hr
Boiler capacity factor = 883
Humber of units Zox refit =}

Hydzated lime price($/ton) « 40,00 COAL FROPERTIES
Ash dispoaal price (S8/ton) = 10,00 R.O, M, Stoker
\ Electric price (cents/kWh) =~ 8,10 Ash fraction = ,090 Leo
Labor rate (k$/yr) « 35,09 Sulfuzr fraction = ,020 ,020
Limestcae price (8/ton) ~ 20,00 HEV (Btu/lb, = 12800, 13000,
YUIL PRICES rux, IRIces
e Natural gas price (5/MBtu) = 3,50 R.O.H4, coal (§/HBtu) « 2,058
#2 Oil price {G/iBiu} - (00 Stoker coal (§/HBtu) = 2,5%
#6 OlL price ($/MBtu) = 3,67 Coal/B20 mix {(5/imeu) = 3,00
orrions Coal/oll mix (8/MBtu) = 3,50
Sool blower multiplier = ,0
Tube bank mod multiplier = 1,0 Primary fuel is 1
Bottom ash pit multiplier = 1,0 #6 FUEL OIL
S$02 control multiplier = 1.0 1=48 0L1, 2=~#2 Ol1, 3=NG
LINESTONE /LD

Inext fraction = ,05

ECONOMIC PARAMETERS

Inflation & discounting base year ~ 1058
Gen infla index (1987 to base yx) = 1,040
Gas infle index (1088 to base yxr) = 1,000
011 infle index (1988 to base yr) = 1,000
) Cosl infls index (1988 to baze yr) =~ 1,000
Project start year =~ 1980

Project life (yr) = 30

Depreciation life (yr) = 15

General inflation rate (I/yx) = 0
Type of gas escalation ™ zero
Type of oll escalation = zero
Type of coal escalation = zero

Discount xate (X/yr) = 10

Rate of return on invest (X/yx) = 17

Amount of working capital (month) = 2

Federal income tax rate (X) = 34

Local prop tax (& insur) rate (X) = 2

Y REAL DACALATION RATD {2i4TS

TYPE OF FUEL 1588 1990 1995 2000 AND
FUEL ESCALATION =1930 =1995 =2000 BEYOND
Gas z0x0 0 0 0 0
" oiL zero 0 0 0 0
Coal zero 0 0 0 0

4:31 ¥ Oct 10, 1988
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H X MAtulh RY »
Total steam output » 50.0 M3wu/hr Coal base yeer » 1088
Boiler capacity factor = 883 Primary Cuel » #5 FUEL JIL

Nu=ber of units for refit = }

ANNUAL COSTS
¢ TFUEL/ FUEL F0TAL MAINT OTHER
OF STEAM PRISS CAPITAL  FUEL o&H O&H
TECRNOLOGY UNITS EFF _ S/MBtu 3] x$ x$ x$
Natural gss boiler == 800 3.50 .0 1692.0  165.4 £94.9
#2 Of1 fLired boller == ,800 .00 .0 .0 .0 .0
22 013 fired bholler =-_ 800 3,87 0 1274,2 185.4 A94.0

Micronized coal refit 1,800 2,03 2087.4  081.1 368.2 814,86
Slagging burmner refit 1,800 2,05 4775, oM. 368.2 814,86
Hoduiar FBC refit 1 .700 2,05 5420,1  1003,.5  350.4 ma
Stoker Liring refit 1 .70 2,54 4428.7  1327.5 41,9 7644
Coal/water slurry 1,75 3.00 2028.1 1547.0 50,4 700.9
Coal/oil slurzy 1 .780 13.50 2375.5 17354 270,0 802.8
Btu pasifier re 8590 4 4097 401,62 687

Packegad shell stoker 1 740 2,54 4031.2 1427.5 5419 764.4
Packaged shall FBC 1,760 2.03 4837.0 1043.2 250.4 776.5
Fleld evected stoker 1,780 2.5¢ 877.2  1250.4 530.8 48,5
Fleld eracted FEC 1 .8¢0 2,05 7229.0 991.1 407.0 760.7
Pulverized coal boiler 1 ,800 2.03 8042,1 991,11 602.7 801.6
Cizeuiating FAC } __.s8j0 2,03 83354,.6  078.8 48,3 804,35
AIR_FORCE PROJECT ___FRIVAYE PROJECT
LIFE LIFE
CYCLE CYCLE
CoST, DISCOUNTED COST,
COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/
¢ OF USE, AS SPERT cosT PERIOD, AS SPERT CoST
JECHNOLOGY URITS ton/yr k3 RATIO yr x$ RATIO
Natural gas boiler - - 18,517 -
#2 011 fired boiler .- - 0 ol
46 01} firad boller - - 19,158 1,000 <~== Existing_system, primary fuel

Micronized cosl refit Not applicable because of space limitations
Slagging burner refit Not applicable because of space limitations

Modular FBC refit Not applicable bacause of spsce limitations

Stoker firing refit Hot applicable because existing boller was designed for ¥6 oil
Coal/water slurry 1 20,143 23,137 .028 >31 25,217 .760
Coal/oll slurry Not evaluated

Low Btu gasifier refit Hot applicable because of spuce limitations
Packaged sheli stoker Not applicabla because of space limitations

Packaged shell FBC Not applicable becauss of space limitations
Fleld erected stoker Not applicable because of space limitations
Fleld erected FBC Mot applicable because of space limitations
Pulverized coal boiler Not applicable Lecause of space limitatlions
Circulating FBC Not applicable because of space limitations

4:31 PY Oct 19, 1988
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ANDREWS AFB: HMAC
BACKGROUND

Andrews AFB is located near Washington, D.C. Therc are three steam
plants on the base, all of which were upgraded in some manner in
1985. The specifics of cthis upgrade effort are not known and
probably should be investigated. Two of these plants may be large
enough to get some consideration for coal conversion. Each steam
plant consists of water-tube boilers producing saturated steam at
100 psig-

All boilers, with the exception of three built after 1964 (see the
lists that follow), are designed for bituminous coal. Residual oil
(No. 6) is the primary fuel for all the boilers, and there is
apparently no secondary fuel. Some coal storage silos and receiving
hoppers are still on site.

Data are inconsistent with regard to annual fuel use. Data for
plant No. 1515 average fuel consumption range from 22 to 49 MBru/h,
with the larger value reported by C. li. Guernsey and Co. The data
for plant No. 1732 range from 15 to 40 MBtu/h, with the smaller
value reported by C. H. Guernsey and Co. It is assumed that plant
No. 1515 and plant No. 1732 are interconnected.

HEATING PLANT UNITS

Heating Plant No. 1515:

2 x 59.8 MBtu/h, Bigelow, 1958
2 x 29.9 and 15.9 MBtu/h, Union Iron Works, 1946

Heating Plant No. 1732:

3 x 33.5 MBtu/h; Keeler Co.j; 2-1961, 1-1965

Heating Plant No. 3409:

2 x 16 MBtu/h, Keeler Co., 1971
3 x 15 MBtu/h, Keeler Co., 1960

IDEAL CAPACITY FACTOR ANALYSIS
Maximum possible load factors as a function of project size are

given below. Load information was calculated assuming two boiler
plants (No. 1515 and No. 1732) are interconnected.
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Planc Mos. 1515 and 1732

Year end

$2,6/MBtu ?
$3.3/MBtu ?

ROM

interconnected
cY 1985 FY 1986

Fuel ideal ideal
input capacity capacity
(MBtu/h) factor factor

30 0.92 0.73

50 0.76 0.57

70 0.67 0.49

90 0.60 0.43

120 G.51 0.39
ENERGY PRICES
FY 1986 Price Data

Average
Electricity 5.4¢/kWh
Residual oil $3.8/MBtu
Distillate oil $5.9/MBtu
C. H. Guernsey and Co. Survey:
Electricity = 5.0¢/kWh
Residual oil = $4.67/MBtu
Distillate oil = $5.56/MBtu
COAL PROPERTIES AND PRIGES
Stoker

Origin Clearfield Co., Pa.
HHV, Btu/lb 13,000
% Ash 10
Z Su ur 2
X Nit ogen 1.5
Ash-softening 2450
temperatuze, °F
Swelling index 8-9
Top size, in. 11/4
Bottom size, in. 3/8
Fines, % 15
Grindability index 90+
Cost at mine, §/ten 40
Delivered cost, $/ton 57

Energy cost, $/106 Btu 2.19

Clearfield Co., Pa.
12,800

13

2

1.5

2450

8-9
2
0

90+
30
47
1.84
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ENVIRONMENTAL REGULATIONS
No solid-fuel-burning plant smaller than 35 MBtu/h is allowed.

6.1 Air Pollution Emission Limits for New Sources

S0,. No cmission limits for boilers <100 MBtu/h; for boilers
>100 MBtu/h: FBC — 90X reduction to meet Llimit of 1.2 b/
MBtu; emerging technology — 50X reduction to meet limit of
0.6 lb/MBtu.

NO,. Ho emission limits for boilers <100 MBtu/h; for boilers
>100 MBtu/h: spreader stoker and FBC — 0.6 lb/MBtu; pulverized
coal — 0.7 Lb/MBtu.

Particulates. For boilers >100 MBtu/k: 0.05 lb/MBtu; for

6.2 Coal-Pile Runoff

Limit: Total suspended solids — SO mg/L.

6.3 Ash Disposal

Ashes are classified as nonhazardous industrial solid waste and
may be disposed of in any approved sanitary landfill.

OTHER CONSIDERATIONS

Andrews apparently uses a lot of electricity: 100,235 MWh in
FY 1986, an average of about 11.4 MW. Residual oil use in FY 1986
was ~568,000 MBtu, an average of about 65 MBtu/h. The highest
monthly steam load is about 150 MBtu/h.

A previous study was done (Roy Weston Study) to examine connecting
the three boiler plants and building a single coal plant for $75M.
Andrews has also been the subject of a coal-oil-mixture study.

This base is within range of anthracite sources.
COAL-CONVERSION PROJECT OUTLOOK

Because load factors are low, only conversion of one 60~MBtu/h out-
put (~75-MBtu/h fuel input) boiler would be practical. The overall
load factor for this size of project is expected to be about 50%,
assuming a 90% equipment availability, and the two plants are inter-
connected.
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6.1 Effect of Enviromnmental Regulations on Selection of Combustion

Technologies

S0, and MO,. Any of the combustion technologies being consid-
ered could be employed without requiring any measures for SO,
or NO, reduction because the proposed conversion project is
smaller than 100 MBtu/h.

Particulates. Bag filters or electrostatic precipitators would
be required to comply with the particulate emission limits.

8.2 Physical Space and Aesthetics

leating Plant. ‘The existing boiler plant was originally de-
signed for coal. There is space available for veinstalling
coal-combustion equipment at the existing boiler or for con-
struction of a new boiler at another site on base.

Coal-Handling Equipment. The coal-storage silo and the outside
receiving hopper and silo are still in place at plant 1515.
There is space available for installing the other coal-handling
equipment.

Coal Pile. There is space available for a coal pile near the
existing boiler plant 1515 or at a new site on base.

8.3 Technical Risk of Combustion Technologies

The least technical rigk would be for refit of stoker firing to
one of the existing coal-designed boilers or installation of a
new stoker-fired boiler. The other technologies would have
greater technical risks because of lack of operating experi-
ence, and all of them would be of the same order because the
existing boilers are designed for coal-firing.

COGENERATION PROJECT OUTLOOK

The prospects for a coal-fired cogeneration system appear to be
somewhat marginal. Andrews has a high minimum monthly average elec-
tric load, 7.8 MWe, but the price of electricity is only moderately
high (5¢/kWh). Another negative factor is the relatively low aver-
age heat load compared to the electric load, so that it is difficult
to achieve a high overall load factor for a cogeneration plant.
Based on the FY 1986 energy-use data, a cogeneration plant with a
beiler rating of 68 MBtu/h output and a 5-MWe turbine-generator
would have an electrical power capacity factor of 90X and a peak
thermal output of 50 MBtu/h, with a thermal energy capacity factor

‘of about 50% if used az a baseload heating plant. To achieve as

high an efficiency as practical, a 1450-psia, 950°F wacer-tube
boiler should be employed for such a cogeneration plant.

The information provided by the base energy-use questionnaire indi-
cated that natural gas is not available at the base.
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10. INPUT AND LCC SUMMARY SPREADSHEETS

; 0 = VALUES
Total stesn output = 60.0  Hdtufhr
Boiler capacity factor » ,304
Nemhior of units for refit =}

fiydzated lime price(3/ton) » 40,00 COAL FROTERTIYS
) Ash disposal price (5/ton) »~ 10.00 R.O.H, Stoker
Electric price (cents/kHh) = 5.00 Ash Lzaction » ,1J0 .100
Labor rate (kS/yr) = 35.00 Sulfur Craction » ,020 .020
Limestone price (S/ton) » 20.00 HEV (Btu/ld) « 12800, 13C00,
g FUEL PRICES FUEL PRICES
Natural gas price (5/HBtuj) = .00 R.0.M. coal (8/MBtu) «~ 1,84
#2 OfL price {5/MBtu) = .00 Stoker cosl {3/MBRuy) ~ 2,10
#6 01l price (3/MBru) » 3.87 Coal/H20 mix (3/:Acu) = 3,00
OFTIONS Cosl/ol) mix (§/MAtu) » 3,50
Soot blower multipller » ,0
Tube bank mod multiplies » .0 frimary fuel &5 )
Bottom ash plt multiplier = 1,0 ¢8 FUEL OIL
5§02 control multipliex = ,0 1~¢48 01}, 2+82 Oil, JI=NG
LIMESTONE JLIME
Inect frzaction « .05
v FCONOMIC FARAMETERS

Inflation & discounting base yesr = 1988
Gen i{nfla Index (1887 to base yr) = 1,040
N Gas Infla index (1038 to bLese yr) = 1.000
OiL Infls index (1088 to baze yr) = 1,000
Cosl infla index (1933 to base yr) = 1,000
zojact staxt year = 1990
Project 1ife (yr) = 30
Depreclation 1ife {yzr) = 15
Ganeral Inflation xate (2/yr) = 0
Type ol gas escalation = sgas
Type of oll escalaticn = soll
Type of coal eacalation = ecoal
Discount rate (2/yr) = 10
Rate of raturn on inveat (I/yr) = 17
Arount of working capital (month) = 2
Tadaral income tax rate (1) =
Local prop tex (& insur) rate (X) = 2

REAL ECCALATION RATE (2/yr)

TYPE OF FUEL 1088 1980 1995 2000 AND
FUEL ESCALATION =1980 =1995 =2000 BEYOND
Gas egas J.88 8.87 5.77 5.27
0il eoil 4,86 7.87 4.16 4.16
Coal ecoal 1.16 2,31 1.19 1.19

9:42 AM  Oct 18, 1988
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ANOREMG AFi: 1 X §0 Mdtufby, RCONOMIC PAPAMETERS = NOMTRAL VALUES
Total stear, ouiput = 60,0 MAtu/he Cost base year = 1088
Boiler capacity factor = 304 Primary fudl = #8 FUEL OIL
Number of units for xefit =1 .
o ANNUAL COSTS
¢ FUEL/ YUEL TO0TAL MAINT OTHER
OF STEAM IRICE CAPITAL FUEL O&Y o&Y
JEGHNOLOGY UNITS EFF __ S[MBty 1 1) k3§ 8 x$
Natural gas boliler == 800 0 .0 .0 0 0
#2 041 £ired boller -- ,0800 A0 .0 .0 0 W0
58 041 {ired boller - 800 3. ¢7 ,0 1215.2 1829 493.1
Micronized coal refit 1,800 1,84 2882, 809.3 393.3 §63.7
Slagging burner zefit 1,800 1,84 4982.0 800.3 3033 8683,7
Modulaxr FAC refit 1 .760 1,84 5725.4 617,0 N2 848.5
Stoker Liring retit 1,780 2.1¢ N77.7 18333 ITh2 638.8
Coal/water slurry 1 .75 23,00 2803.8 1059.6 IN,2 566,3
Cosl/oil slurry 1 780 3,50 2309.90  1288.7 208,0 536.9
Low By gasifiex pefit 3 879 2.1%9 5004,5 9349 3431 863,.4
Packsged shell stoker 2 760 2,10 5080.9 783.3 L2 7203
Packaged shell FBC 2,760 1,84 6250,7 EA1) 74,2 741.7
Fleld erected stoker 1,800 2,19 281,2  725.2 e 628,5
Fleld erected FIC 1,800 1.8 7988,0 609,3 434,86 648.3
Pulverized coal boiler 1 ,820 1,84 8438.5  594.4 39,1 678.0
[ ) 7 7
AIR FORCE PROJIECT PRIVATE PRQJECT
LIFE LIFE
c¥cLy cYcLr
COST, DISCOUNTED CosT,
COAL DISCOUNTED DBENEFIT/ PAYB.ICX DISCOUNTED RBENEFIT/
# OF Usz, AS SPEXNT COST PERICO, AS SPENT COST
JECHNOLOGY UNITS toniyr ks RATIO bad xS RATIO
Natural gas boilex - - 0 -
#2 04} firxed boiler -- -» 0 -
£6 Ol) (ired bojler == == ~23,900 1,000 <--- Existins system, primery fuel
Micronized coal refit 1 12,035 16,762 1,401 7.5 18,640 1.287
Slagging burner refit 1 12,935 18,403 1,298 11.7 21,445 1,113
Hodulexr FBC refi: 1 13,008 18,805 1,260 12.8 22,216 1.079
Stoker fixing refit 1 13,408 18,230 1,315 2.8 20,290 1.176
Coal/water slurry 1 13,797 19,808 1.211 12,0 21,637 1.108
Coal/oll slurzy Not evaluated
ow Bty xa or rafit 014 22,832 1,08} 236 —28,022 920
Packaged shall stoker 2 13,408 20,342 1,179 15.5 23,381 1.026
Packaged ahell FBC 2 13,615 20,282 1,182 18.1 23,898 1,003
Fleld exected stoker 1 12,736 20,998 1,142 18.4 25,126 954
Fleld eracted FBC 1 12,935 21,231 1.130 18.4 25,719 932
Pulverized coal boiler 1 12,619 21,753 1,102 21,2 25,486 .905
Clirculating FBC 1 12,775 22,324 1,074 23,4 27,608 868

0:42 AM Oct 18, 1988
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ANOREWS AVR: 1 X 80 Mtu/hr, FUPL, RFAL PSCALATION » APO 1887
Total steasm output = £0.0 Hstu/hr
Boller capacity factor = .50
Nurber of units for refit =~ ¥

Hydrated lime price(S/ton) = &0.060 COAL FROPERTIES
Ash dispossl price (8/ton) = 10.00 R.Q.Y, Stoker
Electric price (cents/kkh) = 5,00 Ash fraction » ,130 109
Labor rate (k3/yr) = 33.00 Sulfur fzaction = ,020 020
Lizestone price {(S/ton) = 20.00 BHV (Btu/lb) s« 12800, 13000,
FUEL IRICES FUEL FRICES
Natuxal gas price (8/M3tu) » 00 R.0.H. coal (5/HBtu) =~ 1,84
#2 O1) price ($/M3%u) = .00 Stoker cos) (5/MBtu) = 2,10
48 01l price (8/MBtu) = J.67 Coal/H20 mix (S/H5tu) = 3,00
OFTIONS Coal/ofl mix (5/1Btu) = 3.30

Soot blower multiplier = .0

Tube bank mod multinlier = 0 Primary Cusl is 1
Bottom ash pit multipller » 1.0 48 FUEL OIL
502 control cwultiplier » .0 1=96 011, 2+#2 Oi1, 3=NG

LYMESTONE /LIME
Inert. Lrection =~ .03

EOOMQMIC PARAMETIRS
InZlatizn & discounting base year =« 1088
Gen infla index (1087 to base yr) = 1,040
Gas inCla index {1988 to base yr) = 1,000
04% infla index (1058 to Lizsw yz) = 1,000
Coal infla index (1083 to basa yr) = 1,000
Projact staxt year = 1090
Project 1ife (yz) = 0
Deprecistion life (yr) = 135
Genersl inflation xate (2/yr) = 0
Type of gas oacalation = egas
Type of oil escalation = eoil
Type of coal ascalatlon = econl
Discount rate (Xjyr) = 10
Rato of xeturn on invest (Xfyr) = 17
Amount of working capital (month) » 2
Fedezal fncome tax rate (X) = &
Local prop tax (& insur) rate (3) = 2

REAL_ESCALATION RAYIE (X/vyr)

IYPL OF FUEL 1088 1900 1¥95 2000 AND
FUEL FSCALATION =1030 =31995 =2000 BEYCHND
Gas agas 2.28 4,70 5.40 2.75
0}l eoil .17 4,18 5.55 2.77
Cosl ocoal 1.46 1.76 1.61 .81

4:03 B4 Oct 13, 1968
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AMURDSS ATD: 1 X 60 MBtu/br, YUEL REAL ESCALATION x AYO 1987

Total stema output = 60,0 MBLu/hr
Boller capacity factor = ,504
Humbex of units for refit = }

Cost base yeaxr ~ 1938

Primary fusl = ¢6 FUEL OfL

ANNUAL CCSTS
¢ FUEL} FUEL TOTAL MAINT  OTHER
OF STEAM IKICE CAPITAL  FUEL OfRH O&HM
JEcuNoLOGY  UNITS EFF S/MBtu |k x$___x§ k3
Natural gas boller -= 800 .00 0 .0 .0 .0
#2 011 fized bofler == 800 .00 .0 .0 N 0
8 - 0 7 . 82.9 [1°2]
Micronizad coal refit 1,800 1.84 2882.7 6093 N 863.7
Slagging bumer xefit 1,800 1.84 AQB2,0 608.3 3N 663,7
Hodular FBC refit 1,700 1.8 5725.4  617,0 IN,2 648,35
Stoker firing refit 760 2,19 3.7 163 74,2 638.8
Coal/water sluxcy 1 .750 3,00 2603.5 1050.8 74,2 568.3
Coal/oll alurry 1 780 3.9 2300.9  1188,7 203,0 5368.9
Low Bty gesifier refir 2 2029 2,19 S80%,3 3349 81 883, 4
Packaged shall atoker 2 260 2,10 5060.8 73).% IN,2 720.3
Packaged shall FBC 2,260 1,84 6250.7 641.3 N2 41,7
Plald eretted stoker 1 .800 2,38 7268%.2 7125.2 n.g 628,55
Fleld exected FXC 1,800 1.84 76E8.0 609.3 434,6 648,13
Pulverized cousl boller 1 ,820 1,84 59,3 504.4 a38,1 878.0
u 3 8]0  1.8% £01.8 7.9 2
AIR FORCE PROJECT —TRIVATK PROJECT
LIFE LIFE
CYCLE cYcLE
cosd, DISCOUXTED €osT,
COAL DISCOUNTED BENEFIT/ PAYRACK DISCOUNTED BEMEFIT/
¢ OF Usg, AS SPENT COST PERIOD, AS SPENT cost
JECHNOLOGY UNITS ton/yr xS RAT]O yE X3 RATIO .
Natural gas boiler - - 0 -
#2 0)) fired boller - - 0 -
£6.01) {ired bojler = == 19,233 1,000  <=== Existing svstes primary fuel
Micronized coal refit 1 12,935 16,665 1,185 12,1 18,340 1,086
Slagsing burner refit 1 12,935 18,400 1,974 20.4 21,348 025
Modular FBC refit 1 13,008 18,796 1,051 22.9 22,118 .893
Stokor fLiring refit i 13,408 18,109 1.00% 12,8 20,2668 2715
Coallwater salurry 1 13,707 19,641 1,008 29,3 21,464 .£20
Coal/oll slurry Not evaluated
fow Btu xasifier refit 2 15,014 22,476 ,879 >31 25,038 , 762
Packaged shell stokex 2 13,406 20,221 977 »31 23,256 849
Packaged shell FAC 2 13,615 20,180 979 >3] 23,794 .830
Fleld erected stoker 1 12,736 20,802 846 >3 25,007 790
Fleld erocted F2C 1 12,935 21,134 .935 >31 25,520 7
Pulverized coal boiler 1 12,619 21,659 012 >31 26,389 749
Circulsting FBC 1 12,725 22,228 ,889 >31 22,_.?09 718
4:03 PH Oct 18, 1988




Amt H 80

tu
Total stean cutput »
Botler capacity fLactor =
¥umber of units for rafit =
Bydzated Llime price(S/ton) =

§0.0
504
1
40.00

H8u/he

COAL YROPERTIES

Ash disposal price (3/ton) « 10.00 R.O.M, Stoker
Elactzic prics (centa/kWh) = 3.00 Ash fraction = 130 .100
Labor rotz (X3)yr) = 35.00 Sulfur fzaction = ,020 +020

Linestone price (8/ton) » 20.00 HHV (Btu/lb) = 12800, 13000,

FUEL reices
Natural gas price (3/t0tu) »
#2 04} price (8/H3tu) =
#6 011 price (§/M3tu) »
OPTIONS
Soot hlower multiplier »
Tube bank mod multiplier »
Bottom ash pit multiplier »
S02 control multiplier =
LIMESTONZ /LIME
Inert. fraction =

YCONOMIC FARAMETIRS

.00
00
3.67

0
.0
1.0
0

.05

FURL PRICES
X.0.M, cosl (5/ttu) ~ 2,84
Stoker coxl (S/HBru) ~ 2,10
Coal/H20 mix (§/MBtu) ~ 3,00
Coal/oil mix (S/HBtu) = 3,30

Primary fuel iz 1
#3 FUEL OIL
1=48 0L}, 2+42 04}, J=NG

Intlation
Gen infla
Gaz infla
0i) infla
Coal Infls

& discounting base year = 1088
index (1957 to base yr) = 1,040
index (1988 to hase yr) = 1,000
index (1988 to base yr) = 1,000
index (1038 to base yr) = 1,000

Project start year = 19090
Project lifae (yr) = 30
Depreciation 1ife (yr) » 15
Genexal inflation gate (X/yr) = 0
Typw of gas escalation =
Type of oll escalation =
Type of cosl ascalation = zero
Discount rate (I/yr) = 10
Rate of return on invest (I/yx) = 17
Amount of working capital (oonth) = 2
Fadural incoae tax rate (1) = 4
Local prop tax (& insur) zate (X) = 2

20150
2820

R SCA N RATE (2

TYPE OF FUEL 1588 1980 1005 2000 AND
FUEL ESCALATION ~1890 =1033 =2000 BEYOND
Gas zero 0 0 0 0
oil zero 0 0 0 0
Coel zero 0 0 0 0

1:37 B4 Oct 19, 1988
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o 3 -
Total ateam output = 60.0 M3tu/hr Cost Lase yYear = 1088
Boller capacity tacror = (304 Primary fuel « ¢8 FUEL OIL

Number of units for xefit « 1

ANRUAL OOSTS
¢ FUEL/ FUEL  TOTAL MAINT  OTHER
OF STEAY PRICE CAPITAL  TFUEL O&H O0O&HY
IICUNOLOGY UNITY EFF QuMdty k3 x3 k3 X3
NXaturel gas boller - 800 .00 0 .0 .0 0
#2 011 Lized boller == 800 .00 .0 .0 .0 .0
28 Gi) {ized boiler == 030 3,87 ') 1213.2 _182.¢ 493.1

Micronized coal xefit 1 800 1.8 2082,7 6090.3 303 683.7
Slagging burner zefft 1 .800 1,84 4082.0 6093 3033 £83.7
Modulax FBC rxefit 1 .780 1,84 3725.%  617.0 74,2 548,53
Stoker firzing refit 1 780 2.10 3377.7 1833 74,2 636.8
Coal/water slurry 1 .75 1,00 2803.5 1050.8 3,2 566.3
Coal/oll slurry 1 .80 13.%0 2300.9 1188.7 203,0 536.9

|4 1 [ 4 [y A
Packeged shell stoker 2,760 2,18 5060.8 7633 N2 9.
Packsged shell FAC 2,760 1,84 6230,7 6413 74,2 41,7
Fiesld erected atoker 1 800 2,10 7281.2  725.2 371.9 628.5
Fleld ezected FOC 1 .800 1.84 7088,0  608.3 434,68 648,3
Pulverized coal boller 1 820 1,84 8450.58  504.4 430.1 678.0
: 4 2 2

——AIR FORCE FROMECT . . IRIVAIE PROJECT

LIFE LIFE

CYCLE CYCLE

C0sT, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/
# OF USE, AS SPENT CoST PERI00, AS SPENT COST

TECENOLOGY UNITS tonkyy x3 RATIO ¥g Xx$ RATIOQ
Natuzal gas boller - - 0 -
#2 041 fired boller e - 0 -
26 041 fired Lojler - e pUR:LY 1,000 <=~= Fxisting system, primsry fuel
Micronized coal zefit 1 12,035 15,817 045 >3 17,667 848
Slagging bumer refit 1 12,035 17,552 851 > 20,4723 »730
Hodular FBC refit 1 13,008 17,037 .833 >31 21,231 204
Stoker firing refit 1 13,406 17,046 877 >31 19,172 .778
Coal/water slurry 1 13,797 18,165 ,823 >31 10,046 T4
Coal/odl slurzy Not avaluated
Low Btu gasifier refit 2 135,014 21,283 . 202 > 26,213 .603
Packaged shell stoker 2 13,406 19,157 .780 >31 22,163 0674
Packsged shell FEC 2 13,615 19,287 275 »31 22,375 .653
Fleld srected stoker 1 12,738 19,872 752 >3 23,069 .5623
Fleld eracted £EC 1 12,935 20,285 137 >3] 24,747 .504
Pulverized coal L«sler i 12,619 20,831 L7117 31 25,538 .585
Circulating FRC 1 32,775 21,390 ,683 >31 26,648 :361

4311 B Oct 18, 1988
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DOVER AFB: MAC
BACKGROUND

Dover AFB is located near Dover, Delaware. The four central heating
plant boilers are high-temperature, hot-water (414°F, 275-psi)
units. All boilers burn No. 6 oil. The three Combustion Engineer—
ing units were designed for coal. In CY 1985 average fuel use was
about 46 MBtu/h, and the January 1985 average fuel use was 88
MBtu/h. In FY 1986, average fuel input was about 44 MBtu/h. Boiler
efficiency at peak load is about 77%.

HEATING PLANT UNITS

Heating Plant No. 617:

3 x 50 MBtu/h, Combustion Engineering, 1953
1 x 50 MBtu/h, International Lamont, 1972

IDEAL CAPACITY FACTOR ANALYSIS

The ideal capacity factors listed below were calculated from monthly
fuel-use data for plant No. 617.

CY 1985 FY 1986
Fuel ideal ideal
input capacity capacity
(MBtu/h) factor factor
20 1.00 1.00
30 0.94 0.90
40 0.84 0.80
50 0.76 0.73
60 0.69 0.67
70 0.63 0.61
80 0.57 0.55

ENERGY PRICES

FY 1986 Price Data:

Electricity = $16.5/MBtu = 5.6¢/kWh
Distillate = $5.87/MBtu
Residual = $5.00/MBtu

C. H., Guernsey and Co. Survey:

Electricity = 6.6¢/kwh
Residual = §$4.67/MBtu
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COAL PROPERTIES AND PRICES

Stoker ROM
Ocigin Cleacfield Co., Pa. Clearfield Co., Pa.
HiV, Btu/lb 13,000 12,800
X Ash 10 13
Z Sulfur 2 2
Z Nitrogen 1.5 1.5
Ash-softening 2450 2450
temperature, °F
Swelling index 8-9 8-9
Top size, in. 11/4 2
Bottom size, in. 3/8 0
Fines, % 15
Grindability index 90+ 90+
Cost at mine, $/ton 40 30
Delivered cost, $/ton 57 47
Energy cost, $/10 Btu 2.19 1.84

ENVIRONMENTAL REGULATIONS

6.1

6.2

6.3

Air Pollution Emission Limits for New Sources

. No emission limits for boilers <100 MBtu/h; 1.2 lb/MBtu
907 reduction for >100 MBtu/h.

LUI
[=]
.

an

§9£. No emission limits for boilers <100 MBtu/h; 0.6 lb/MBtu
for >100 MBtu/h.

Particulates. 0.3 1b/MBtu for boilers 1-100 MBtu/h; 0.05
1b/MBtu for >100 MBtu/h.

Coal-Pile Runoff

Limit: ‘7Total suspended solids = 50 mg/L.

Ash Disposal

Ashes are classified as "Solid Waste Refuse" and may be dis-
posed of in any approved sanitary landfill. Disposal cost is
45¢/ton.

OTHER CONSIDERATIONS

Dover is the current site for a coal-oil~-water-mixtura demonstration
project. Fuel will be supplied by Coaliquid Inc. About $4 million
was spent to alter one boiler and to add peripheral equipment. The
altered boiler may be quite ideal for a micronized coal burner
system or some other coal technology.
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COAL-CONVERSION PROJECT OUTLOOK

This is a candidate for conversion of one unit, based on the load
data. Also note that one boiler has been reworked for coal-oil-
water-mixture firing and may be cheaply converted to some type of
100X coal firing.

If one 50-MBtu/h output (~65-MBtu/h fuel input) unit was converted
to coal, the maximum capacity factor would be about 65X%. Assuming a
90% equipment availability, an overall capacity factor of about 58%
is obtained.

8.1 Effect of Environmental Regulations on Selection of Combustion

Technologies

50, and NOy. Any of the combustion technologies being consid-

ered could be employed without requiring any measures for SO0,
or NO, redustion because the proposed conversion project is
smaller than 1G0 MBtu/h.

Particulates. Bag filters or electrostatic precipitators would
be required to comply with the particulate emission limits.

8.2 Physical Space and Aesthetics

Heating Plant. The existing boiler plant was originally
designed for coal. There is space available for reinstalling
coal combustion equipment at the existing boiler or for con-
struction of a new boiler at another site on base.

Coal-llandling Equipment. There is space available for install-
ing coal-handling equipment at the existing boiler.

Coal Pile. There is space available for a coal pile at the
existing boiler plant or at a new site on base.

8.3 Technical Risk of Combustion Technolopies

The least technical risk would be for refit of stoker firing to
the existing boiler, since it was originally designed for this,
or installation of a new stoker-fired boiler. The other tech-
nologies would have greater technical risks because of lack of
operating experience, and all of them would be of the same
order because the existing boiler is designed for coal-firing.

COGENERATION PROJECT OUTLOOK

The prospects look interesting for a coal-fired cogeneration system.
The minimum monthly average electric load is about 4.7 MWe, and the
price of electricity is high (b6.6¢/kWh). Based on the FY 1986
energy-use data, a cogeneration plant with a boiler rating of
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68-MBtu/h output and a 5-MWe turbine-generator would have an elec~
trical power capacity factor of about 90X and a peak thermal output
of 50 MBtu/h, with a thermal energy capacity factor of about 70X if
used as a baseload heating plant. A cogeneration plant of this
capacity should be near the optimum size for base needs. A waterx~
tube boiler with a steam rating of 1450 psia and 950°F would be the
most suitable type of boiler for a high-efficiency cogeneration
system.

The information provided by the base energy-use questionnaire indi-
cated that natural gas was not available at the base, and therefore
a gas-fired cogeneration system is not an available option.
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10, INPUT AND LCC SUMMARY SFREADSHEETS

a-H A 29 1Y ) 2800

Total ateam dutput = 30,0 MBtu/he
Boller capacity factor = ,583

Nusher of unita for refit = )

Hydrated lime price{$/ton) = 40,00 COAL PROPERIIES
Ash disposal price (5/ton) = 10.00 R.Q.M, Stoker
Electric price (centa/kWh) = 6,80 Ash fraction = ,130 .100
Laboxr rate (kS/yz) = 35,00 Sulfur fraction ~ ,020 ,020
Limestone price (8/ton) = 20,00 HHY (Btu/lb) = 12800, 13000,
FUEL PRICZS FUEL PRICES
Natural gas price (§/MBtu) = ,00 R.0.M. coal (§/MBtu) = 1,8%
#2 Ol) price (8/MBtu) = ,00 Stoker coal (§/MBtu) = 2,19
#8 011 price (§/MBru) = 3,67 Coal/H20 mix (S8/MBtu) = 3,00
OPTIONS Coal/oil mix (3/MBtu) = 3,50

Scat blower sultiplier = .0

Tube bank mod multiplier » .0 Primacy fuel is %
Bottom ash pit multiplier » 1,0 #8 FUEL OIL
502 control multiplisr = .0 1=46 Ol1, 2=42 Oi1, 3=NG

LIMESTONE /LIME
Inexrd: frection = .05

ZOONOMIC PARAMETERS
Inflation & dizcounting base year = 1088
Gen infle index (1987 to base yr) = 1,040
Gas infla index (1983 to base yr) = 1,000
041 infla index (1088 to base yr) = 1,000

Coal infla index (1938 t¢ hLase yr) = 1.000
Project stazt year = 1900
Project 1life (yr) = 30
Depreciation 1ife (yr) = 15
General inflation rate (X/yz) = 0
Type of gas esxcalation = egas
Type of oll escalation = eoll
Type of coal escalation = ecoal
Discount rate (X/yx) = 10
Rate of rxeturn on invest (X/yr) = 17
Amount of working capital (month) = 2
Federal income tex rate (X) = 34
Local pzop tax {& insur) rate (X)

N

REAL ESCALATION RATE (X/vr)

TYPE OF FUEL 1988 1080 1995 2000 AND
FUEL ESCALATION -1890 ~1995 =2000 BEYOND ___
Gas egas 3.89 8.87 5.77 5.77
o0il eoll 4,86 7.87 4,18 4,18
Coal ecoal 1,16 2,31 1.19 1,19

1:14 B Oct 19, 1688
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DOVER AFR: 1 X 30 ¥ptu/hp, YCOMOMIC CARAMETERS s NOMINAL VAR
Total steam output » 50,0 MBtu/hr Cost base year = 1538
Boller capscity factoer = ,583 Primazry fuel » #§ YUEL OIL
Rumber of units for refit =)

ANRUAL COST:. -
¢ FUIL/ FUEL T0TAY HATY™ LA N
OF STEAM PRICE CAPITAL  FUEL OkY g
JECHNOLOGY UNITS ZFE __ S/MBtu k3 kS k3 Xt
Natural gas boller == ,800 .00 .0 .0 .0 .0
#2 OiL fired boller == ,800 .00 .0 .0 .0 0
26 011 fived boiler == 800 3.87 .0 1173,4 163,4 484.6
Mlcronized coal zefit 1,800 1,84 2616,2 587.3 J88,2 662.0
Slagging burner rafit 1,800 1,84 4504,.8 3873 368.2 662.0
Modular FBC refit 1,700 1,84 5173.8 594.7 J350.4 642.6
Stoker fizing reZit 1,760 2,19 3070.2 735.8 350.4 628.9
Coal/water slurry 1,750 3,00 2353,1  1021.4  330.4 560,6
Coal/oll slurry 1 780 3,%0 2081.4 1145.8  279.0 532.2
4 gasifier refit 679 4208.8 24 J 288.3
Packaged shell stoker 1 ,760 2.19 3582.7 73s5.8 330.4 628.9
Packaged shell FBC 1,760 1,84 4587.0 618.2 350.4 643,39
Field ereacted stoker 1 .800 2,19 6497.4 699.0 48,3 619.2
Field erected FBC 1,800 1,84 2133.3 5873 407,0 642,4
Pulverized coal boiler 1 820 1.84 7562,3 5N.0 411,2 669.7
Circulating FBC 1___.8]0 1.84 8473,6 _3580.1 348,3 20].4
AIR FORCE PROJECT VA QJEC
LIFE LIFE
CYCLE CICLE
COsT, DISCOUNTED CosT,
COAL DISCOUNTED BENEFIT/ PAYBACY, DISCOUNTED BEREFIT/
¢ OF USE, AS SPENT cost PERIOD, AS SPENT cosT
TECHNOLOGY _ UNITS ton/yr xS RATIO Y. x$ RATIO
Natural gas boiler - - 0 -
#2 O!1 fired boiler -- - 0 -
g6 0l1 fired boiler e = 23,091 1,000 === Existing_system, primary fuel
Micronized coal refit 1 12,468 16,088 1,434 7.3 17,829 1,295
Slagging burner refit 1 12,468 17,660 1,308 11.2 20,352 1.135
Modular FBC refit 1 12,626 17,972 1,285 12,2 20,999 1.100
Stokexr firing refit 1 12,923 17,445 1,324 9.4 18,433 1.188
Coal/xater slurry 1 13,300 18,989 1.216 11.6 20,672 1,117
Coal/oil slurry Hot evaluated
Low Btu gasifier refit 1 14,473 20,207 1,143 16,9 22,827 1,012
Packaged shell stoker 1 12,923 17,868 1,202 10,7 20,118 1,148
Packaged shell FBC 1 13,125 17,712 1,304 11,3 20,448 1.129
Fleld erected stoker 1 12,277 19,839 1,164 17.1 23,563 .880
Fleld erscted FBC 1 12,468 20,026 1,153 18.0 24,065 . 960
Pulverized coal boiler 1 12,164 20,497 1.127 18.5 24,758 .833
Circulating FBC 1 12,315 21,001 1,100 21,5 25,719 . 898
1:14 P Oct 19, 1988
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. ] ~ 2
Total ateam output » 50,0  MAtu/hr
Boiler capacity factor = .383
Nusbher of units for refit = 1

Bydzated lime price(8/ton) = 40,00 COAL IMOFEXTIES
Aah disporal price (S/ton) = 10,00 R.O.M, Stoker
Electric price (cents/kkFh) =~ 6,80 Ash Lraction = ,130 .100
Labor rate (kS/yzr) » 35.00 Suifur fraction = 020 020
Limeatone price (3/ton) = 20.00 HYV (Btu/ib) = 12800. 13000,
FUEL, PRICES FUEL FRICES
Natural gas price (5/i8tu) = .00 R.0,H4. cosl (§/HBLu) = 1,84
#2 011 price (§/MAtu) ~ ,00 Stoker coal ($/M8tu) = 2,19
#6 011 price (§/ttu) » 3,67 Coal/H20 mix (3/1Bru) = 3,00
orrions Coal/oil mix (S/MBru) = 3,50
Soot blower multiplier = .0
Tube bank mod multiplier » .0 Primary fuel lx 1
Bottom ash pit sultiplier =~ 1,0 #8 FUEL OIL
502 contzol multiplier = .0 1=48 Ol1, 2-#2 0i{1, 3=NG

LIMESTONY /LIME
Inezt Zraction = .05

ECONCHMIC PARAMETIRS
Inflation & discounting base year - 1988
Gen Infla index (1887 to base yr) = 1,040
Gas infla index (1088 to base yx) = 1,000
04l infla index (1983 to basze yr) = 1,000
Coal infla index (1988 to base yx) = 1,000
Project start year = 1690
Project life (yr) = 20
Depreciation life (yr) = 15
General inflation rate (X/yr) = 0
Type of gas ascalation = egas
Type of oll escalation = eoil
Type of coal escalation = acoal
Discount rate (X/yr) = 10
Rate of return on invest (2/yr) = 17
Amount of working capital (month) = 2
Federal Income tax rate (X) = 34
Local prop tax (& insur) rate (Z) = 2

REAL_ESCALATION RATE (X/yr)

TYPE OF FUEL 1988 1990 1995 2000 AND
FUEL SCALATION =1990 =1995 =2000 BEYOND
Gas egas 2.28 4.70 5.49 2.75
oil eoil W17 4.16 5.55 2.77
Coal scoal 1,46 1.76 1,61 .81

l:22 P Oct 19, 1988
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swa., L - 14
Total stean cutput » 30.0 MStu/hr Coat. base ywar » 1083

Bojlar ceapacity factor = ,583 Privary fuel «» #8 FUEL OIL
xuabo': of units for xefit =}

ANNUAL COSTS
¢ FUEL; FUEL 70TAL MAINT oTHER
CF S8TEAM TRICE CAPITAL FUEL 0&H O&HM
JECHENCLOGY UNITS STF_ GiM3ty {3 ) ] X3 k3
Natural gas boller -= 800 .00 .0 .0 0 .0
#2 01} fized boilex -- 800 .00 N .0 .0 .0
#8 011 fired boiler = 2000 3.67 ] 1121,4  188.4 L1-LN.]
Micronized coal zefit 1,800 1,84 2616.3 S8 388.2 662,0
Slegging burmer reafit 3,800 1.84 4304.8 507.3 J368.2 682.0
Hodular FBC refit 1 700 1,84 3173, 8047 350.4 642.8
Stoker Ziring xefit 1,780 2.9 J070.2 73s.8 350.4 628,90
Cosl/water slurry 1 .75 23.00 2353.1  1021.4 330.4 550.8
Coal/oil alurcy 1 .78 3.50 2081.4 1145.8 279.0 332.2
a2 7 & 4 2
Packaged shell stoker 1,760 2,10 3582,7  73s.8 350.4 628.9
Packaged shall FBC 1,760 1,84 4587.0 818.2 350.4 643,3
Fleld eracted atoker 1 800 2,19 6497.4 699.0 348,23 610.2
Field erected FBC 1 .800 1.84 7133.3 5823 A07.0 642, 4
Pulvezized coal boller 1,820 1,04 7562.3  AN.0 411,2 668.7
Circuleting FOC 1 L0810 ].04 2473, 8 320,31 348, 20%.4
AIR FORCE PROJECT — FRIVATE PROJECT
LIFE LIFE
CYCLE CYCLE
COST, DISCOUNTED COST,
COAL DISCOUNTED BENEFII/ PAYBACK DISCOUNTED BENEFIT/
¢ OF USE, AS SPENT cosT PERIOD, AS SPENT COST
TECHNOLOGY UNITS tonlyr k8 RATIO YL k8 RATIO
Natural gas boller e - 0 -
#2 041 fired boiler - - 0 -

#0 il fired pollex =~ == = == 10,019 1,000 <-=- Exjsting system, primery Lued

Micronized coal refit 1 12,468 16,006 1,188 11,8 17,733 1.073
Slagging burner refit 1 12,468 17,567 1,083 19.4 20,256 930
Modular FBC refit 1 12,626 17,878 1,064 21.5 20,802 910
Stoker tiring refit 1 12,923 17,328 1,008 17.1 19,313 ,985
Coal/water slurry 1 13,300 18,826 1,010 28,2 20,505 ,928
Coal/oil slurry Not evaluated

u _gasifier refit 1 14,473 20,076 N:1Y >31 22,692 ,838
Packaged shell stokar 1 12,923 17,751 1,071 19.7 19,988 851
Packaged shell FBC 1 13,125 17,614 1.080 19,7 20,345 .835
Fleld erect:d stokar 1 12,277 19,728 964 >31 23,449 .811
Fiald erected FBC 1 12,468 19,833 954 >31 23,968 .783
Pulverized cosl boller 1 12,164 20,406 .832 >31 24,3564 7
Circulating FBC 1 12,315 20,809 ;9810 >31 25,624 742

1:22 P4 Oct 19, 1868




DOVIR AFB: 1 X 30 Mtu/hr, FUEL RZAL ESCALATION = ZZNO
Total steam output = 30,0 Mtu/he
Boller capacity factor = .38
Nusmher of units for zefit = 3

Hydzated Lime price(S/ton) = 40.00 COAL FROPIRIIES
Ash disposel price (8/ten) ~ 10.00 R.O.M, Sioker
Electrlic price (centa/kWn) = 6,80 Ash fraction = ,130 «100
Labor rate (k8/yr) = 35,00 Sulfur Zraction = ,020 .020
Limestone price ($/ton) = 20.00 BYV (Btu/lb) =~ 32800, 13000.
FUEL rRICES TUIL miIces
Natural gas price (3/MBtu) = ,00 R.0.H4. coal (3/MBtu) =~ 1,84
¢#2 Ol price (8/MBtu) = .00 Stoker coal ($/MBtu) = 2,10
#8 C1L price (8/MBtu) = 3,687 Coal/H20 mix (3/MBtu) = 3,00
ortions Coal/oil mix (8/t8tu) = 3,50
Soot blower multiplier » .0
Tube bank mod multiplier = .0 Primary fuel s 1
Bottoa ash plt multiplier = 1.0 #6 FUEL OIL
502 control multiplier = .0 1=#6 OL), 2-42 OiL, 3I=NG
LIMESTONE/LTHMK

Inext fraction = .05

POONOMIC FARAMETIRS
Inflation & discounting base year =~ 1988
Gen Infla index (1987 to base yr) = 1,040
Gas infla index (1988 to base yr) = 1,000
Oil infla index (1988 to base yr) = 1,000
Coal infla index (1988 to base yr) = 1,000
Project stact year = 1890
Project Life (yr) = 30
Depraciation life (yr) = 15
General inflation rate (X/yzr) = 0
Type of gas escalation = zero
Type of oil escalation = zero
Type of coal escalation = zero
Discount rate (X/yr) = 10
Rate of zeturn on invest (X/yr) = 17
Amount of working capital (month) = 2
Federal income tax rate (I) ~ 34
Local prop tax (& insur) zata (X) = 2

EAL ALATION RATE (%

TYPE OF FUEL 1988 1990 1985 2000 AND
FUEL ESCALATION =1890 ~1995 =2000 BEYOND
Gas 2ero 0 0 0 0
oit zero 0 0 0 0
Coal zero 0 0 0 0

1:28 P¥  Oct 19, 1988
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DOVER AFB: 1 X 30 MBty/hr, FUKL RFAL ESCALATION = IIRQ
Total stean output = 50,0 MStu/he

Coat hase year = 1088

Bofler capacity factor =~ ,583 Primary fuel = ¢6 FUEIL OIL
Kuobes of units for refft = L
ANNUAL COSTS
¢ TFUEL7  FUEL TOTAL MAINT OTHER
OF STEAM PFRICE CAPITAL FUEL O&H O&H
JECRNOLOGY UNITS EFF  $iMAry 23 X3 x3 X3
Natuzal gas boller == ,800 .00 .0 0 .0 0
#2 O1) fired bollex == ,800 .00 0 0 .0 .0
£8 01} {ired Mojler == 0800 3,67 0 11723,4 _18%.4 ARG, 8
Micronized coal xefit 1,800 1,84 2616,) 547.3 68,2 662.0
Slagging bumaz zefit 1 800 1,84 4304.8 5873 368.2 662.%
Modulas FBC xefit 1 .790 1,84 313,90 3047 350.4 842.8
Stoker firing rafit 1 .760 2,19 3070.2  73s.8 350.4 628.9
Coal/water alurxy 1,750 3.0 2353.1  1021.4  350.4 360.6
Coal/oil slurcy 1,780 23.50 2081.4 115,88 279.0 332.2
7 4 4 788 -
Packaged shell stoker 1 ,760 2,19 J382,7 135.8 5.4 628.9
Packaged shell FAC 1 .760 1,84 4382.0 618,2 350.4 643,3
Fiald erected stoker 1 .800 2,19 6A07.4 600.0 348.3 619.2
Fleld erected FAC 1,800 1.84 7133, 5873 407.0 642,4
Pulverized cosl boiler 1,820 1,84 75623 5N3.0 411.2 669.7
Cireulating F2C 1,010 1.8 8473,6 _ $50,1 348,3 70).4
AIR FORCE PROJECT ~FRIVATE JROJECT
LIFE LIFE
CYCLE CYCLE
CO0sT, DISCOUNTED CosT,
COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNRTED EENEFIT/
¢ OF USE, AS SPENT COST PERIOD, AS SPERT COST
TECHROLOGY UNITS ton/yr xS RATIO yr XS _RATIO
Naturel gas boller - - 0 -
#2 Oil fired boller = - 0 ne
$6 O] fired boller - == 14 381 1.000 <=== Existing_system, primiry fuel
Micronized coal refit 1 12,468 15,188 047 >31 16,891 .851
Slagging burner refit 1 12,468 16,749 .859 > 19,415 741
Modular FBC refit 1 12,626 17,050 .843 >31 20,050 7317
Stoker firing refit 1 12,823 16,303 .882 >31 18,259 .788
Coal/water slurry 1 13,300 17,404 .826 >31 19,042 .755
Coal/oil slurry Not evaluated
Low Btu gasifier refit 1 14,473 18,929 760 >31 21,512 668
Packaged shell stoker 1 12,9023 16,727 .860 >31 18,944 759
Packaged shell FBC 1 13,125 16,753 .858 >31 19,459 .739
Field erected stoker 1 12,277 18,754 .767 >31 22,447 .641
Field erocted FBC 1 12,468 19,115 .752 >31 23,128 622
Pulverized coal boiler 1 12,164 19,608 .723 >31 23,844 .603
Circulating FBC 1 12,315 20,101 715 >31 24,784 .580
1:29 B4 Oct 19, 1988
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McGUIRE AFB: MAC
BACKGROUND

HcCuire AFB is located near Trenton, New Jersey. The main boiler
plant at Mcluire used coal until 1970 vhan all boilers were switched
to natural gas and distillate oil (backup fuel). All boilers are
water-tube, high-tempecaturg, hot-water units and have Cleaver
Brooks electrostatic precipitators. Boiler efficiencies are re~
ported as 74-70%. Fuel use is about 500,000 MBtu/year, for a yearly
average of -57 MBtu/h. Earlier data indicate that fuel use was
previously much higher. Probably no coal-handling equipment is
repairable.

HEATING PLANT UNITS

Heating Plant No. 2101:

4 x 50 MBtu/h, Combustion Engineering, 1953
2 x 31.2 MBru/h, Erie City, 1960

IDEAL CAPACITY FACTOR ANALYSIS

The ideal capacity factors listed below were calculated from monthly
fuel~use data for plant No. 210l.

cY 1985 FY 1986
Fuel ideal ideal
input capacity capacity
(MBtu/h) factor factor
30 0.93 0.92
40 0.82 0.82
50 0.76 0.76
60 0.71 0.71
70 0.67 0.66
80 0.63 0.62

ENERGY PRICES

FY 1986 Price Data:

Average Year end
Electricity 7.0¢/kWh Same
Distillate $6.85/MBtu Same
Natural gas $3.85/MBtu $2.70/MBtu

C. H. Guernsey and Co. Survey!

Electricity = 7.8¢/kWh
Distillate = $5.56/MBtu
Natural gas = §$5.40/MBtu (this is apparently a mistake)
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An inquiry into the gas price vevealed that the price fluctuatex and

the gas supply is interruptible.

The gas supply in only ridrely

interrupted, snd a cost of about $4.00/MBtu would be represen-ative.

COAL PROPERTIES AND PRICES

Stoker ROM

Origin Clearfield Co., Pa. Clearfield Co., Pa.
HHV, Btu/lb 13,000 12,800
X Ash 10 13
X Sulfur 2 2
X Nitrogen 1.5 1.5
Ash-softening 2450 2450

temperature, °F
Swelling index -9 8-3
Top size, in. 1 1/4 2
Bottom size, in. 3/8 0
Fines, % 15
Crindability index 90+ 90+
Cost at mine, $/ton 40 30
Delivered cost, $/ton 58.50 48.50
Energy cost, $/106 Btu 2.25 1.89

ENVIRONMENTAL REGULATIONS

6.1 Air Pollution Emission Limits for New Sources

50,

NO.
>100 MBtu/h:

For boilers >250 MBtu/h:
for boilers >1 and <250 MBtu/h:

0.6 1b/MBtu and 70X reduction;
0.3 1b/MBtu.,

No emission limits for boilers <100 MBtu/h; for boilers

6.2

6.3

spreader stoker and FBC ~ 0.6 1b/MBtuj pulverized
COI]. b 007 lb/MBtu.

Particulates.

0.03 1b/MBtu (state-of-the-art technology re-
quired).

Coal-Pile Runoff

Limit: Total suspended solids — 50 mg/L.
Ash Disposal

Ashes are classified as nonhazardous solid waste and may be
disposed of in any approved sanitary landfill.

OTHER CONSIDERATIONS

Electric use in FY 1986 was 55,000 MWh, an average of 6.3 MW.
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COAL-CONVERSION PROJECT OUTLOOK

A conversion projact using cos' to generate 50 MBru/h of steam
(~65 MBtu/h fuel input) may be feasible. Assuming 90X equipment
availability, an overall capacity factor of about 62X could be
expected. The price of natural gas is vary important to the econom-
ics of such a project; the discrepancy in price must be investigated
further.

8.1 Effect of Environmental Regulations on Selection of Combustion

Technologies

S0,. The strict SO, emission limit will require 90X or greater
S0, reduction while burning 2X sulfur coal, which will necessi-
tate the use of a flue gas scrubber with stoker firing, lime-
stone addition with micronized coal or FBC, or the use of deep-
cleaned coal-watecr-mixture fuel,

NOx. No special measures will be required for NO, reduction

Lecause the proposed conversion project is smaller than
100 MBtu/h.

Particulates. Bag filters or electrostatic precipitators will
be required to comply with the strict particulate emission
limits except for the case of using a wet scrubber for S0, con-
trol. Electrostatic precipitators are still in place and may
be reusable.

8.2 Physical Space and Aesthetics

Heating Plant. The existing boiler plant was originally
designed for coal. There is space available for reinstalling
coal-combustion equipment at the existing boiler or for con-
struction of a new boiler at another site on base,

Coal-Handling Equipment, MHost of the auxiliary equipment is
still in place, but some of it is in very bad condition and
cannot be used.

Coal Pile, There is space available for a coal pile at the
existing boiler plant or at a new site on base.

8.3 Technical Risk of Combustion Technologies

Because of the need for strict SO, control, the technical risk
is about equal for all the coal-combustion technologies. Refit
of stoker firing would be the lowest risk for the combustion
process, but the need for a flue gas scrubber increases the
overall risk for that option.
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9. COGENERATION PROJECT OUTLOOK

The prospects appear to be potentially favoratle for s coal-fired
cogeneration system. The minimum monthly average electric load is
about 5.2 HWe and the price of clectricity is high (7.8¢/kWh).
Based on che FY 1986 cnergy-use data, a cogeneration plant with a
boiler rating of 68 #Bcu/h output and a S5-MWe turbine-generator
would have an electrical power capacity factor of about 90X and a
peak thermal output of 50 MBtu/h with a thermal energy capacity
factor of about 72% if used as a baseload heating plant. A water-
tube boiler with a steam rating of 1450 psia and 950°F would be the
most suitable type of boiler for such a cogeneration plant.
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10, INIUT AND LCC SU4ARY STREADSHEETS

. AFVD: » A/
Total steay output = 50,0  MBtu/hr
Boiler capacity factor = 518
Nucber of units for refit « 1

fiydzated Mms price(S/ton) = 40.00 COAL TROPERYIES
Ash disposal price (3/ton) » 10.00 R.OM, sSteker
Elactzic price (cents/k¥h) = 2.80 Ash Lxaction = 130 +100
Labor rate (kS/yr) =~ 35.00 Sulfur fraction = ,020 ,020
Limestone price (5/ton) =~ 20,00 He (Beu/lh) = 12800, 13000,
FUXL MRICES FUEL IRICES
Natural gas price (5/MBtu) = 4,00 R.0.M, coal (&/M8tu) = 1,80
#2 OLL price (§/48tu) = 4,71 Stoker coal (5/iQtu) = 2,25
#56 OlL price (5/tB8ty) » ,00 Coal/H20 mix (5/M8Lu) =~ 3.00
orxions Cosl/oil mix (S5/18tu) = 3,50
Soot blower multiplier » .0
Tube bank mod smultipliexr = .0 Primary fuel ix 3
Bottom ash pit multiplier » 1.0 NATURAL GAS
502 contzol multiplier = 1.0 120 Of), 2+42 Ol), I~NG
LIMESTONE /LIME

Inezt fraction » ,05

ECONOMIC PARAMETERS

Intlation & discounting base year = 1988
Gan infla index (1987 to base yz) ~ 1,040
Gaa Infla index (1088 to base yz) = 1,000
Ol1 infla index (1088 20 base yr) = 1,000
Coal infla index (1088 to baze yr) = 1,000
Project starxt year = 1900

Project life (yr) = 30

Depreciation life (yz) = 15

General inflation rate (I/yr) = 0
Type of gas escalation = agas
Typs of oll escalation + eoll
Type of coal ascalation = ecoal

Discount rate (I/yr) = 10

Rate nf raturn on invast (X/yr) = 17

Amount of working capital (month) = 2

Federal income tax xzate (X) = 3k

Local prop tax (& insur) rate () = 2

REAL ESCALATION RATE (2/vr)

TYPE OF FUEL 1088 1990 1805 2000 AND
FUEL ESCALATION =1000 -1995 _=2000 BEYOND
Gas eRas 3.89 8.87 5.77 5.77
0L eofl 4,86 7.87 4.16 4,16
Coal scoal 1.16 2,31 1,19 1.19

11:34 AM Oct 20, 1983
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HOGUIRE AFD: 1 X 30 MAtw/hr, ECORCHMIG PARNETERS = MOMINAL VALUES
Total stean ocutput = 50,0 Mitu/he Cost bass year = 10u8
Boiler capacity fagtor = ,618 Pzimary fuel « NATURAL GAS

Nu=her of units fo!) refit w }

——ANNUAL COSTS
¢ TUEL/ TUEL  TOTAL HAINT OTHER
OF STEAM PRICE CARITAL  FUEL O&M O&M
IECHNOLOGY UNITS _IFF _S/MBtu  k$ k3 X3 X3
Natural gas boller == 800 4,00 0 1799.4  165.4 406,2
92 Oi1 fired boiler = 800 A7) .0 1503.7  163.4 406.2
25 0§} fired boiler - . 0800 .00 0 0 N'] L9

Mlcronized coal zefit 1,800 1,80 2007.2 630.5 368.2 776.5
Slagging burner zeflt 1,800 1,80 4705.6 639,38 368.2 7716,3
Modular FBC refit 1,780 .89 5442,3  B47,8 350.4 741.0
Stoker firing retit 1 700 2,25 A454.4 823,0 541,09 7404
Coal/water siurry 1,750 35,00 26851,5 1082,7 350.4 §73.7
Coa)/oil slurry 1,780 123.%0 2284.9  1214,8  278.0 500,0

Low Bty sesifier yefit 1 639 2,25 £034 4,7 008, %

Packaged shall stoker 1 (740 2,25 A966.0 823,0 541.9 740,4
Packaged shell FBC 1,760 1,89 A854.5 67,1 350.4 744.8
Fleld ezected stoker 1,780 2.4 7877.2 780,8 530.8 728.0
Fleld erected FAC 1 .800 1,89 7216, 636.5 407.0 730.8
Pulverized coal boiler 1,800 1,69 8042,1 830,5 §02,7 779.0
Circulat F 0 ] 4 3 [} 22
AIR _FORCE PROJECT PRIVATE PROJECT
LIFE LIFE
CYCLE CYCLE
COST, DISCOUNTED CoSsT,
COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED MBENEFIT/
¢ OF USE, AS SFENT CosT PZRIOD, AS SPENT COST
IEcuNoLoeY  UNITS  ton/yr X3 BATIQ Yr —k8 ___ RATIO
Natural gas boiler -~ - 29,110 1,000 <=-== Existing systen, primary fuel
#2 041 fired boiler -- -~ 29,610 -
28 01} tired boiler == huld 0 ==
Micronized coal refit 1 13,217 17,719 1.643 8.8 19,638 1,482
Slagging burner refit 1 13,217 19,280 1,510 8.7 22,160 1.314
Modular FBC refit 1 13,384 19,454 1,496 10.3 22,654 1,285
Stoker firing refit 1 14,089 21,984 1.324 13.1 24,774 1.175
Coal/water slurry 1 14,088 20,689 1.407 [} A%, 568 1.280
Coal/eil slurcy Not evsluated
ow Btu za er refit 808 23,547 1,236 16,2 26, 4885 1,082
Packaged shell atoker 1 14,039 22,407 1,209 14,1 25,459 1.143
Packaged shell FEC 1 13,913 19,241 1.513 8.7 22,158 1.314
Fleld erected stoker 1 13,347 24,288 1,109 18.6 286,809 1.010
Field exected FBC 1 13,217 21,341 1.364 13.5 25,457 1.143
Pulverizad coal boiler 1 13,217 24,823 2.473 19.9 29,877 974
Circulating FBC 1 13,054 22,152 1,314 15,2 26,038 1,081

31:34 AM  Oct 20, 1988
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H - 7
Total steam output = 30,0 MBtu/he
Boiler capacity factor = ,618
Number of units for refit = )
Bydrated lime price(8/ton) = 40,00 COAL PROPERTIZS
Ash disposal price (8/ton) = 10.00 R.O.M, Stoker
Flectric price (cents/kbh) = 7,80 Ash fraction = ,130 .100
Labor rate (k$8/yr) = 35,00 Sulfur Lraction = ,020 .020
Limestone price {$/ton) = 20,00 HHV (Btu/lb) = 1280G. 13000.
FULL DRICES FUZL PRICES
Natural gas price ($/MBtu) = 4,00 R.O.M. coal (8/MBtu)
#2 Of) price (S/MBtu) = A, 72 Stoker coal (S/MAtu) = 2,25
#6 0Ll price (8/MBtu) = .00 Coal/H20 mix ($/MBtu) = 3,00
OPTIONS Coal/oll mix (S/MBtu) = 3,50
Soot blower multiplier = .0
Tube bank mod multiplier = .0 Primary fuel {2 3
Bottom ash pit multipliar = 1.0 NATURAL GAS
SO2 control multiplier = 1,0 1=48 Ol), 2=42 041, 3I=NG
LIMESTONE /LTHE
Inext fraction » .05

1,89

]

ECOMOMIC PARAMETIRS
Inflati{on & discounting base year = 1988
Gen infla index (1887 to base yr) = 1,040
Gss infla index (2988 to base yr) = 1,000
04l infla index (1988 to base yr) = 1,000

Coal infla index (1988 to base yr) = 1,000
Project start ysar = 1990
Project life (yr) = 30
Depreciation life (yr) = 15
Geaneral inflation rate (X/yz) = 0
Type of gas escalation = egas
Type of oil escalation = eoil
Type of coal escalation = scoal
Discount rate (X/yr) = 10
Rate of return on invest (X/yr) = 17
Awount of workirg capital (month) = 2
Federal income tax rate (X) = 34
Local prop tax (& insur) rate {X)

n

REAL ESCALATION RATE (2/vr)
TYPE OF FUEL 1088 1890 1995 2000 AND
FUEL ESCALATION =1980 ~1995 =2000 BEYOND
Gas egas 2,28 4,70 5.49 2,75
0il aof{l .17 4,16 5.55 2.77
Coal ecoal 1,46 1.76 1.61 .81

11:40 AN Oct 20, 1988
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H o L

Total stean output =~ 50,0 MBtu/hr Cost base year = 1888

Boller capacity factor = ,618 Primary fuel = NATURAL GAS
Nuzber of units for refit = 1

——ANNVAL COSTS
¢ FUEL/ FUEL TOTAL MAINT OTHER
OF STEAM PRICE CAPITAL FUEL O&M O&M
JECHNOLOGY UNITS EFF _ §/MMtu %8 x3 xS X8
Natural gas boller == 800 4.00 .0 1353.4  168.4 406.2
#2 011 f{ixed boilex == L800 4,21 .0 1583.7 165.4 406,2
26 011 (ired bollex ==_800 .00 .0 0 ,0 20

Micronized coal refit 1,800 1,88 2007,2 839.5 368,2 776.5
Slagging burner refit 1,800 1,80 4703.8 630.3 J88.2 776.5

Modulsr FBC refit 1,700 1.83 5442,3 647.0 350.4 741.0
Stoker firing rafit 1 7240 2,25 AdSAA 823.0 541,90 740,.4
Coal/water slurzy 1,750 23.00 2651,5 1082,7 330.4 673.7
Coal/ol) slurry 1,780 13,50 2294.8  1214.6  279.0 500,0
Low Btu xasifier refit 1639 2,25 034,90 0247 323.2 1008,3

1
Packaged shell stoker 1 740 2,25 4966.9 823.0 541,90 740.4
Packegad shall FBC 1,750 1,89 485¢.5 673.1 350.4 7h4,8
Fleld exected stoker T 280 2,25 7827.2 780.8 339.8 728,0
Field erected FBC 1 .800 1.89 7216,3 639.5 407.0 739,06
Pulverized coal boller 1 ,200 1,84 8042,1 £39.5 §02.7 779.0
Circulating FBC 3__.810 3,80 8543,0 631,80 48,3 279.9

AIR_FORCE PROJECT . PRIVATE PROJECT
LIFE LIFE
CYCLE CYCLE
cosT, DISCOUNTED CosT,
COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/
# OF USE, AS SPENT CcosT PERIOD, AS SPENT GOST
JECHNOLOGY UNITS ton/yr x$ RATIO b2 il x$ RATIO
Natursl gas boilsr - g 22,261 1,000 <-=-~ Existing system, primary fuel
#2 041 fired boller == - 24,070 --
§#6 Oil fired bojler = - 0 e
Micronized coal refit 1 13,217 17,618 1,264 9.7 19,531 1.140
Slagging burner refit 1 13,217 19,178 1,152 14,7 22,055 1.008
Modular FBC refit 1 13,384 19,351 1,150 15.6 22,548 .987
Stoker firing refit 1 14,069 21,853 1.019 26.8 24,640 .803
Coal/water slurry 1 14,008 20,517 1,085 17.6 22,388 .994
Coal/oil slurry Hot evaluated
Low Btu gasifier refit 1 15,808 23,400 . 951 >31 26,513 , 840
Packeged shell stoker 1 14,069 22,277 .989 >31 25,325 .879
Packaged sholl FBEC 1 13,0813 19,134 1,163 14.6 22,041 1,010
Field erected stoker 1 13,347 24,164 921 >31 28,681 .776
Fleld erected FBC 1 13,217 21,239 1,048 23.7 25,353 .878
Pulverized coal boiler 1 13,2317 24,721 .901 >31 29,773 748
Circulating FBC 1 13,054 22,052 1,008 29,2 26,834 , 830

11:40 AM  Oct 20, 1988




Total steam cutput = 30.0
Boller capacity factor = ,618
Nuzbor of units for refit = i
fydrated lime price(S/ton) = 40.00
Ash disposal price (S/ton) = 10.00
Electzic price (conts/xth) = 7.80
Labor rate (XS/yr) = 33.00
1imestone price (S/ten) = 20.00
FUEL PRICES
Natural gas price (5/MBtu) =
#2 01l price (§/iBtu) =
#6 OL) price (5/HBtu) =
OPTIONS
Soot blowar multiplier =
Tubs bank mod sultiplier =
Bottom ash pit sultiplier =
502 control multiplier =
LIMESTONE /LIME
Inert fraction =

4,00
LN
.00

.0
.0
1.0
1.0

.03

ECQNOMIC PARAMETERS
Inflation

A,

MAtu/hr

OQAL FROTIRIIES

R.Q.M,

Ash Lraction = ,130
Sulfur {raction = ,020

EHV (Btu/lb) = 12200,

FUEL PRICES
R.0.H. coal (§/t@tu) = 1,80
Stoker coal (3/MBru) =~ 2,25
Coal/H20 mix (5/MBtu) = 3,00
Coal/oll mix ($/HAtu) » 3,50

Primary fuel ia 3

NATURAL GAS
148 011, 2=42 O1%, 3=NG

1088

Gen infla
Gas infla
Oil infla
Coal infla

Gener

Rate of
Anount of
Fed
Local pro

& discounting base year »
index (1987 to base yx) =
index (1088 to basa yr) =
index {1988 to base yr) =
index (1988 to hase yr) =
Project atart year =
Project life (yr) = 30
Depreciation life (yx) = 15
al inletion rate (X/yr) = 0O
Type of sas escalation =
Type of oil escalation =
Type of coal escalation =
Discount xate (X/yr) = 10
return on invest (I/yx) = 17
working capital (month) = 2
eral income tax rate (1) = 34
p tax (& insur) rate (X) = 2

1.040
1.000
1.000
1.000
1000

zero
20X0
Z8X0

REAL ESCALATION RATE (2/yr)

TYPE OF FUEL 1988 1990 1985 2000 ARD
FUEL ESCALATION ~1890 ~1095 -2000 BEYOND
Gas 2ero 0 0 0 0
oil} zero 0 0 0 0
Coal zero 0 0 0 0

11:47 AM  Oct 20, 1988

Stekag
100
.020
13000,
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* 0 MBtu/h [
Total steam output = 50,0 MAtu/hr Cost baae year - 1088

Boiler capacity factor = ,618 Primary fuel = NATURAL GAS
Number of unita for refit » }

ANNUAL COSTS
4 FUEL}  FUEL TOTAL MAINT OTHER
OF STEAM PRICE CAPITAL FUEL O&M O&Y
JECHNOLOGY UNITS IFF _ 3/ustu k3 k$ k$ ) 3]
Natural gas bofler == 800 4,00 0 1353.4  185.4 4986.2
#2 Oi1 fized boller -~ 800 A7) .0 1503,7  185,4 486.2
£8 0§} fired boller =~ 800 200 0 ') .0 ')
Micronized coal refit } 800 1,88 2907,2 830.3 388,2 778,58
Slagzing burner xefit 1,800 1,89 4785.6 838,38 k1.1 83 778.5
Modular FAC xefit 1,700 1,80 5442,3 84A7.8 350.4 741,0
Stoker firing xefit 1 740 2,23 AASL4 B2),0 541,09 740,4
Coal/water slurrcy 1 .750 3.00 2651.5 1082,7 350.4 8§75.7
Coal/oil slurry 1,780 2.3 2204.8  1214,8  270,0 580,0
Low Bty gasifier refit 1 089 2,298 3034,9 9247 323.2 1008.3
Packaged shell stoker 1 740 2,25 A956.8 82,0 541,09 740.4
Packaged shell FBC 1,780 1,89 4859.5 673.1 350.4 744,08
Field exected atoker 1,780 2,25 7877.2 780,80 339.6 726,0
Field erected FAC 1 .800 1,89 7216, 830.5 407.0 730.8
Pulverized coal boilexr 1 ,800 1,80 8042,1 839.5 602,7 770.0
Circuylating FRC 1 810 31,80 _ 8343,9 631.8 348.3 2719.9
—— AIR FORCE FROJECT ~ __FRIVATE PROJECT |
LIfE LIFE
CYCLE CYCLE
COST, DISCOUNTED COSsT,
COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/
¢ OF USE, AS SPENT COST PERIOD, AS SPENT Ccost
JECHNQLOGY UNITS ton/yr k$ RATIO YL k3 RATIO
Natural gas boiler - - 15,839 1,000 <--= Existing aystem, primary fuel
#2 011 Zired boller = - 17,761 -
€8 041 fired boiler -- == '] --
Micronized coal xofit 1 13,217 16,727 .950 >31 18,615 854
Slagging burner refit 1 13,217 18,288 889 >3l 21,139 752
Modular FBC refit 1 13,384 18,449 .861 >31 21,620 .735
Stoker firing refit 1 14,069 20,707 .767 >3l 23,461 877
Coal/water slurry 1 14,008 19,008 .836 >31 20,0838 .783
Coal/oll slurry Not: evaluated
Low Btu gzasifier refit 1 15,808 22,112 719 >31 25,189 6831
Packaged shell stoker 1 14,068 21,130 752 >3 24,146 .658
Packaged shell FBC 1 13,013 18,197 .873 >31 21,027 754
Fleld erected stoker 1 13,347 23,076 .688 >31 27,563 576
Fleld exected FBC 1 13,217 20,349 .781 >31 24,437 .650
Pulvaerized coal boliler 1 13,217 23,830 .67 >31 28,857 .551
Circulating FBC 1 13,054 21,172 . 750 >31 25,930 613

11:47 AM Oct 20, 1088
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SCOTIT AFB: MAC
BACKGROUND

Scott AFB is located near Belleville, Illinois. There are four
steam plants on this base, but only the major one is of any
interest. The capacity of this plant is about 250 MBcu/h (the
others are about 20, 31, and 14 MBLu/h) and is composed of four Erie
City Irvon Works boilers. The boilers in the main steam plant burned
coal previously but were converted to No. 6 oil. Currently, the
main plant burns natural gas, and the yearly average fuel use is
roughly 40 MBtu/h.

HEATING PLANT UNITS

Heating Plant No. 45:

83 MBtu/h, Erie City Iron Works, 1955
40 MBrtu/h, Erie City Iron Works, 1952
84 and 45 MBtu/h, Erie City Iron Works, 1939

IDEAL CAPACITY FACTOR AWALYSIS

The maximum possible capacity factors listed below were calculated
from monthly fuel-use data for plant No. 45.

CY 1985 FY 1986

Fuel ideal ideal

input capacity capacity

(MBtu/h) factor factor
30 N.90 0.87
40 0.79 0.77
50 0.70 0.69
60 0.63 0.63
70 0.56 0.57
80 0.50 0.52
90 0.44 0.46

ENERGY PRICES

FY 1986 Price Data:

Average Year end
Electricity 4.1¢/kwWh 4.9¢/kWh
Residual oil $5.28/MBtu Same
Distillate oil $5.90/MBtu Same

Natural gas $3.64/MBtu $3.80/MBtu
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COAL PROPERTIES AND PRICES

Stoker Run of Mine
Origin Belleville, XIll. Belleville, Ill.
HHV, Btu/lb 10,888 1e,09
Ash, % 10.70 11,18
Sulfur, X 3.74 3.70
Nitrogen, X
Ash-softening temperatuce, °F
Swelling index
Top size, in. 1 1.5x0
Bottom size, in. 28 mesh
Fines, % a-12 25
Grindability index
Cost at mine, $/ton 23.50 22.00
Delivered cost, $/ton 27.50 26.00
Energy cost, $/MBtu 1.26 1.24

tNVIRONMENTAL REGULATIONS

601

6.2

Air Pollution Emission Limits for New Sources

S0yt The Illinois emission 1limit for sulfur dioxide 1is
1.8 1b/MBtu in any 1l-k period.

NO,: The State does not have limits on nitrogen oxide emis-
sions for fuel-burning sources of this size (<250 MBtu/h).

Particulates. Scott AFB is located in a nonattainment area for
pa-ticulates. The State of Illinois particulate limit appli-
cable to a plant boiler converted to coal firing is 0.1 lb/MBtu
actual heat input. Nonattainment regulations require the base
to operate the boiler at the lowest achievable emission rate
(LAER). The operator must demonstrate that the control equip-
ment and process measures will produce the LAER. Emission off-
sets are also applicable; however, in cases where no prectical
offsets arc found, certain exemptions may be obtainable.

The opacity limits for new fuel-combustion sources of this size
(<250 MBtu/hr) is $30% with the exception that the opacity may
range between 30 and 60X for a period or periods aggregating
8 min in a 60-min -eriod.

Ccal—~Pile Runoff

The State of Illinois requires that :ial storage yards obtain a
National Pollutant Discharge Elimination System (NPDES) permit
if coal-pile runoff is discharged into waters of th: State.
During the permit application review, the State Agency deter-
mines if a facility will cause or threaten to cause water
pollution by its location, geology, operation, and abandonment
plan.
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The State of Illinois utilizes EPA federal regulation for coal-
pile runoff. The regulations state the the pH of all dis-
charges, except once-through cooling water, shall be within the
range of 6.0 to 9.0. The effluent limitation for the point
source discharges of coal-nile runoff is 50 mg/L total sus-—
pended solids.

Ash Disposal

Coal ash is classified as a special waste by the State of
Illinois and requires a special permit for handling. A permit
€or special waste handling must be obtained by existing
disposal sites that accept the ash or, for new disposal sites,
an operating permit must be issued.

OTHER CONSIDERATIONS

None

COAL~CONVERSION PROJECT OUTLOOK

A conversion project would probably involve conversion of one
40-Btu/h output ( 50-MBtu/h fuel input) boiler. A realistic overall
capacity factor for a 40-MBtu/h coal-burning unit would be about
63X, assuming 90X availability.

8.1

8.2

Effect of Environmental Regulations on Selection of Combustion

Technologies

SO,. Sulfur dioxide removal will be required for all combus-
tion technologies because of the high-sulfur (3.7X) coal.

NOy . No special nitrogen oxide controls will be required for
any of the combustion technologies.

Particulates. Bag filters or electrostatic precipitators will
be required.

Physical Space and Aesthetics

Heating Plant. The existing boilers were originally designed
for coal, but there is no information about availability of
space for reinstalling coal-combustion equipment.

Coal-Handling Equipment. There is not enough room for imstall-
ing dry coal-handling equipment at the existing site, but there
is space for coal-water-mixture equipment.

Coal Pile. There is no space available for a coal pile at the
existing plant, but there is space at another site on base for
a coal pile and a new coal-fired boiler.
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8.3 Technical Risk of Combustion Technologies

The existing boilers were designed for coal, but the technical
risk of burning a coal-water mixture would be moderate because
of the need for SO, removal. The least technical risk would be
for a new stoker or FBC boiler.

COGENERATION PROJECT OUTLOOK

The prospects for coal-fired cogeneration systems appear to be poor
because of the low cost of electricity (4.l¢/kWh in FY 1986; how-
ever, by the year's end, about 4.9¢/kWh). The monthly minimum
average electric demand was 2453 MWh in April. A 3.4-HW electric
cogeneration plant would produce 10.2 MW(t) and require a 12.75-MW
boiler because of the 80X boiier efficiency. The plant would gener-
ate 22,560 MBtu(t) each month based on a 90X plant availability.
The overall thermal energy capacity factor for a year would be
fairly high (61X).
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10. INPUT AND LCC SUt!ARY SPREADSHEETS

SCOTT AFB: 1 X 40 MBty/hr, DCONCMIC PARAMUTIRS = MOMIWAL VALUER
Total stean output = 10,0 Matu/he
Boilexr capacity factor = 626
Nusber of units for refit = 1

Bydrated lime price($§/ton) = 40,00 COAL TROPERTIES
- Ash disposal price (§/ton) = 10,00 R.O.Y, Stokeg
Electric price (cents/XWh) = 4,90 Ash fraction = ,112 107
Laboz rzate (kS/yx) = 35,00 Sulfur fraction = ,037 037
Limestone price ($/ton) = 20,00 HHV (Btu/lb) « 103510, 108900,
~ FUZL micrs YUIL MRICEs
Natuzal gas price (8/MBtu) = 2,80 R.OM. coal ($/MBtu) =~ 1.2)
#2 OLY price (8/MBLu) = ,00 Stoker coal (8/iBtu) = 1,28
#5 041 price (8/MBtu) = 3,67 Coal/N20 mix (3/MBtu) = 3,00
orrions Coal/oll mix (&/MHtu) = 3,50
Soot blower multiplier = ,0
Tube bank mod multiplier = .0 Primary fusl is )
Bottom ash pit multiplier =~ 1,0 NATUPAL GAS
802 control sultiplier = 1.0 1=~#8 OL1, 2-42 011, 3I~NG
LYMESTONKE /LIME

Inext fraction = .08

. ECOMOMIC PARAMETIRS
Intlation & discounting baze year = 1958
Gen infla index (1587 to base yr) = 1,040
Gas infla index (1988 to base yr) = 1.000
e 041 infla index (1088 to base yr) = 1,000
Coal infla index {1988 to base yr} = 1,000
Project start year = 1080
Pzoject life (yr) = 30
Depreclation life (yz) = 15
General intlation rate (X/yr) = 0
Type of gas escalation = egas
Type of oll escalation *= eoil
Type of coal sscalation = ecoal
Discount xate (I/yz) = 10
Rate of return on invest (X/yx) = 17
Az int of working capital (month) = 2
Federal income tax rate (1) = 34
Local prop tax (& {nsur) rate (X) = 2

A Xlye
TYPE OF FUEL 1988 1990 1005 2000 AlND
. FUEL ESCALATION ~1880 -1995 =2000 BEYORD
Gas egas 3.89 8.87 5.77 5.77
0il eoil 4,86 7.87 4,16 4,16
Coal scoal 1,16 2,31 1,19 1.19

3:12 B Oct 24, 1988
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AO \ - v
Total stean output = 40,0 MBtu/hr Cost base year = 1968
Boller capacity factor = 626 Primary fuel = NATURAL GAS

Nuzber of units for refit = )

ANRUAL 2CSYS
¢ FUEL/ FUEL TOTAL MAINT OTHER
OF SIEAM FRICE CAPITAL  FUEL O&H oO&Y
JECHNQLOGY UNITS EFF  S/MStu x$ x$ k3 X8
Natural gas boller == 800 3.80 .0 1041,90 1480 AAS, 0
#2 Oi) fired boller -~ 0800 .00 .0 0 0 .0
48 Of1 fired boller -- 800 3,67 0 1006,3 _146,3 448, 0

Mlcronized coal zefit 1 800 1,24 2779.1 40,0 330.8 765.8
Slagging burner refit 1,800 1,24 A038,7  340,0 330.8 785.8
Hodul~r FBC refit 1 .700  1.24 A995.3 44,3 323,4 732.8
Stoker firlng refit 1 740 1,26 958,68 3NS5 408.5 604.7
Coal/water slurry 1 .750 3,00 2545,7  877.4 323.4 688.7
Coal/oil slurry 1,780 3,50 2166.5 93840 252,38 362.1
" A ar re [ ALLS 419.7 8.3 7
Packaged shell stoker 1 740 1,26 405,85 NS 498,53 604,7
Packaged shell F8C 1 .760 1.24 432,01 357.¢ 323.4 79.2
Field erected stoker 1 .80 1.26 6856.2 354,3 496.5 €83.8
Field erected FIC 1 .800 1,24 8321,2 3A0.0 375.6 730.8
Pulverized coal boller 1,800 1,24 7777.¢ 40,0 534.8 727.0

) 810 1.24 7402.7 35,8 321,28 334
AIR FORCE PROJIFCT FRIVATG PROJECT
LIFE LITE
CYCLE CYCLE
COST, DISCOUNTED cosT,
CoAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/
# OF USE, AS SPENT CosT PERIOD, AS SPENT CosT
JECHNQLOGY UNITS ton/yr k$ __RATIO yr x$ BATIO
Natural gas holler - - 23,070 1,000 <=== Existing systea, primary fuel
#2 Oll fired boiler - -- 0 -
46 0}] {ired boiler =- == -.20,097 -

Micronized cosl refit NHot applicable because of space limitations
Slagging burner refit Not applicable because of space limitations

Modular FBC refit Not applicable because of space limitations

Stoker firing refit Not applicable bacause of space limitations

Coal/water slurry b 13,014 18,558 1,243 14,6 20,323 1,135
Coal/oil slurry Not svaluated

Lox Btu gasifjer refit Not applicable hecausa gpace limitations

Packaged shell stoker 1 13,810 17,000 1,357 12,9 19,626 1,176
Packaged shell FBC 1 13,732 15,661 1,473 10.6 18,284 1,263
Field erected stoker 1 12,912 18,744 1,231 17.5 22,611 1,020
Field erected FBC 1 13,044 17,453 1,322 14,7 21,023 1,007
Pulverized coal boiler 1 13,044 20,227 1,141 21.4 24,585 .938
Circulating FBC 1 12,883 17,858 _ 1,292 15,8 21,868 1,050

d:12 ™ Oct 24, 1988




H 40
Total ateam output = 40,0

Boiler capacity factor = ,628
Rumber of units for rafit = )
Hydrated lime price(S/ton) = 40,00
Ash disposal price (8/ton) « 10.09
Electric price (centx/kWh) = 4,00

Labor rate (k3,yr) =~ 335,00

Limeatone price (S/ton) ~ 20.00

TUEL PRICES

Natural gas price (§/MBtu) « 3,80

#2 Oll price (S/MEu) v .00
#6 Ol) price (3/M3Lu) = 3,67
orrions

Soot blower multiplier = .0

Tuba bank-erd ealtiplier

I°

Bottoam ash pit sultiplier = 1.0
502 control multiplier ~ 1,0

LIMESTONE /1.TME
Inext fraction = ,08

ECONCHMIC PARAMETIRS

Inflation & discounting base year

Gen
Gas
oil

infla index (1087 to bass yr)
infla index (1088 to bLase yr)
infla index (1983 to Laze yr)

181

- 7
Mite/he

COAL FROPERTILS
RO.M,
Ash fraction » ,112
Sulfur fractior ~ ,037
BEV (dtu/ldb) = 10510,
FUEL rRiCEs
R.0.H4. coal (S/MBtu) » 1,24
Stoker coal (8/MBtu) = 1,26
Coal/H20 mix (S/MBtu) = 3,00
Coal/oll mix (8/MBtu) = 3,30

Primary fuei iz 3
NATURAL GAS
1=#8 Oil, 2=#2 Of1, 3«NG

=- 1088
= 1,040
= 1,000
« 1,000

Coal Infla index (1088 to base yr) = 1,000
Project stazt year = 1900

Froject 1ife (yr)
Dapzeciation life (yr)
Genezal inflation rate {(X/yr)

- 30
- 13
-0

Type of gas eacalation = cgas
Typs uf oll escalation = eoll
Type of coal escalation * ecoal

Dlscount xate (X/yr)

=10

Rate of return on invest (I/yr) = 17
Axount, of working capital (oonth) = 2

Federal incoce tax rate ()

-3

Local prop tax (& insur) zate (1) = 2

REAL ESCALATION RATE (X/vr)
TYPE OF FUEL 1088 1990 1995 2000 AXD
FUEL ESCALATION  =-1090 =1995 =2000 BEYO(
Gas egas 2.28 4,70 3.49 2,75
0il eoil .17 4.16 5.55 277
Coal scoal 1.46 1.76 1.61 .01

3:18 P4 Oct 24, 1988
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SCOTT AFB: ) X 40 MOty/hr, FUFL REAL ESCALUTION * AXO 1907
Total steam output = 40,0 MAtu/hr

Coat baze year = 1988

Boiler capacity factor » 8626 Pxizary Cuel ™ NATURAL CAS
Nurber of units for refit = 1
SAMNUAL COSTS
¢ TUEL, TFUEL TO™AL MAINT OTHER
OF STEAM IRICE  GARITAL  FULL O&M O&N
JECHNOLOGY UNITS EFE 3/MBty X3 x$ x$ x$
Natuzal gas boller - 800 3,80 .0 1041.0  146.) 445.0
#2 01L firad boller == 800 .00 .0 N .0 .0
26 Ot) {ired boller -~ 860 3,67 N'] 1008,3 143, A43.0
Micronized coal zefit 1 (800 1,24 2779.1 40,0 N8 785.6
Slagging bumner zefit 1,800 1.24 4438.7 40,0 338.8 765.6
Hodular FBC refit 1 .780 1,24 4995,3 3443 32).4 732.4
Stoker Liring refit 1 L7400 1,28 058,88 INS 408.5 684,7
Coal/water slurry 1 .75 3,00 2545.,7  877.4 323.4 888.7
Coal/oil slurry 1 .780 3.% 2166,5 9843 257.5 582,1
) 3 (Y1) & 2 212
Peckaged shell stoker 1,740 1,26 4405.5 3723.5 498,35 94,7
Packaged shell FBC 1,760 %.24 AA37,3 337,99 323.4 739.2
Fleld arected stoker 1 .780 1,26 5856.2 3533 496.5 683.9
Fleld exected FIC 1 .800 1.24 6321,2 34,0 375.6 730,38
Pulverized coal boller 1,800 1,24 7772.9  340,0 534,60 727.2
Cireylating FBC 1,010 1.2% 2402,7 3358 321.4 34,8
~— AR FORCE PROJECT _  __ FRIVATE PROJECT
LIFE LIFE
CcYcLE CYCLE
COST, DISCOUNTED cosT,
COAL DISCOUNTED BENEFIT/ FAYBACK DISCOUNTED BENEFIT/
# OF USE, AS SPENT cosT PERIOD, AS SPENT CcOoST
JECHNOLOGY. UNITS ton/ys X3 RATIO I X3 RATIO
Natural gas boller - - 17,758 1,000 <=== Exjating systea, primary fuel
#2 Oi) fired boiler - - 0 e
28 01} {fired bojler == == 16,399 ==

Hi.conized coal refit
Slagging burner refit
Modular FBC refit
Stoker firing refit

Not appliceble bhacause of space limitations
Not applicable because of space limitations
Not applicable bacause of space limitations
Not applicable bacause of space limitatlions

Coal/water alurry 1 13,014 18,419 .868 >31 20,470 ,882
Coal/oil slucry Rot evaiuatad

Low Btu gasifier refit Hot applicable begause of space limitations

Packaged shell stoker 1 13,610 16,041 1.051 22.7 19,565 910
Packaged shell FBC 1 13,7231 15,504 1,141 16.1 18,205 97"
Fleld arected stckex 1 12,012 18,687 052 >31 22,553 .78%
Fleld erected FBC 1 13,044 17,309 1,023 26,9 20,967 L840
Pulverized coal boller 1 13,044 20,173 .882 >33 24,530 726
Circulating FBC 1 12,883 17,804 1,000 »31 21,814 812

J3:18 PM Oct 24, 1888
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SCOTT AFB: 1.X 40 Wtu/hr, YUEL REAL Y-CALATION = LW
Total ateam outpul = 40.0 nou/he
Soller cepacity factor = 826
Numbar of units for refit = 1

Bydrated lime price($/ton) = 40.00 COAL FROFPERTIES
235 disposel price (S/ton) = 10,00 RO M, Stokerp
Electric price (cents/kWh) = 4,90 Ash fraction » .112 107
Labox zate (k3/yz) * 35.00 Sulfur fraction = ,037 03
Lisestone price (8/ton) « 20.00 HHY (Btu/lb) = 10510, 10880,
FUXL PRICES FURL TRICES
Matursl gas price (8/HBeu) = 3,80 R.OH coal (3/MNRu) = 1,24
#2 011 price (S/M8tu) = ,00 Steker coal {$/M8tu) = 1,28
#5 Ol prise (3/M8tu) = 3.67 Coal/H20 mix ($/M3tu) - 3,00
orTIONS Coal/oil mix (8/MAtu) = 3.50
Soot blower multiplier » .0
Tube bank wod multipllier = .0 Primary fuel ia 3
Bottom ash pit multiplier = 1.0 NATURAL GAS
$02 control multiplier = 1.0 1~#6 0{1, 2«42 0L, I~NG
LIMESTONE/LIME

Inext fraciion = ,05

BOONOMIC PARAMETIRS

Inflation & discounting base year = 1938
Gen ingla index (19387 to base yr) = 1,040
Gas infla index (1583 to baze yz) = 1,000
011 {nfla index (1488 to base yr) = 1,000
Coal infla index (1988 to base yr) = 1,000
Projecs start year = 1990

Project life (yr) = 30

Depreciation life (yr) = 15

Genezal inflation rate (X/yr) = 0
Type of gas escalution = zero
Type of oil esgcalation =~ zerxo
Type of coal escaiation = 2éxo0

Piscount rate (X/yr) = 10

Rate of return on invest (X/yr) = 17

Amount of working capital (month) = 2

Federal income tax rate (X) = 34

Local prop tax (& insur) rate (X) = 2

REAL ESCALATION RATE (X/ve)

TYPE OF FUEL 1988 1890 1995 2000 AND
FUEL  ISCALATION = _-1990 =1093 =2000 PEYOND
Gas zer0 0 0 0 0
(¢]81 z0r0 0 0 0 0
Cosl zex0 0 0 0 0

3:24 B4 Oct 24, 1058
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g . 40 ulk %. L]
Total atwam output = 40,0 MStu/hz Cost base year « 1088
Boller capacity factor = ,626 Primary fuel w NATURAL GAS

Number of units for zafit » 1

ANRUAL COSTS
¢ FUEL; TFUEL TOTAL MAINT OTHER
OF STEAM PRICE CAPITAL FUEL oO&Y O&H
IECHNOLOGY UNITS EFF__$/MBty k3 k$ X3 x$
Natural gas bollar - ,800 2J.80 0 1041.8 146.3 445,0
#2 041 fired bollex -- ,800 .00 .0 .0 .0 N
26 0f] gired boller ~= 800 347 .0 1006,3 _148.) 43,0

Mlcronized coal refit 1,800 1,24 2779.1  J40,0 0.8 765.6
Slagzing burner refit 1,800 1,24 4439,7 40,0 339.8 765.6
Modulagz FBAC refit 1 790 1,24 4995.3 342 323.4 732.8
Stoker firing refit 1 20 1,28 3958.8 N3 498.5 604.7
Cosl/water sluzry 1 .75 3,00 2545,7 877.4 323.4 686.7
Cosl/oil alurry 1 .280 .50 2166.5 0840 257.5 582.1
[ ofi 9 4448 410,27 98,3 817
Packeged shell stoker 1 740 1,26 4405.5 N5 408.5 604,7
Packaged shell FAC 1,260 1,24 4437,1  352.9 323.4 739.2
Fleld erected ztoker 1,780 1,28 6856.2 3543 496.5 683.8
Fleld erected FAC 1 .800 1,2¢ 6321,2 J40 0 375.6 730.8
Pulverized coal bollar 1 800 1,24 7777.9  340.0 554.6 727.0
Cireulating FBC . | ;8]0 1,24 407,77 333.8 3214 234.8

AIR FORCE PROJECT PRIVATE PROJECT

LIFE LIFE

CYCLE CYCLE

Cosr, DISCOUNRTED CosT,

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/
¢ OF USE, AS SPENT COST PERIOD, AS SPENT COST

JIECHROLOGY UNITS ton/yr k3 RATIO Yr k$ RATIO
Natural gas boiler - - 12,893 1,000 <-== Ex{sting system, primary fuel
#2 O11 fired boiler - - 0 .-
26 01} fired bojler == haked 12,615 e

Micronized coal refit Not applicable becauie of space Limitations
Slagging burner refit Not applicable because of space limitations

Modular FBC refit Not applicable because of spiuce limitations

Stoker firing refit Not. applicable because of space limitations

Coal/water slurry 1 13,014 17,197 .750 >33 18,9023 .661
Coal/oil slurry Not evaluataed

Low Btu gasifier refit Not_applicable because of space limitations

Packaged shell stoker 1 13,610 16,421 .785 >31 19,030 678
Packaged shell FBC 1 13,701 15,105 .854 >31 17,693 .729
Field erected stoker 1 12,912 18, 194 .708 >31 22,045 .585
Fleld erected FBC 1 13,044 16,925 .762 >31 20,481 .630
Pulverized coal boller 1 13,044 19,700 .654 >31 24,043 .536
Circulating FBC 1 12,883 17,337 L 744 >3} 21,433 .602

3:24 B Oct 24, 1988
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GRAND FORKS AFB: SAC
BACKGROUND

Grand Forks AFB is located near Grand Forks, North Dakota. The
central steam plant is the only one of interest to this study.
Thete are five boilers sized at 3 x 25 MBtu/h and 2 x 42 MBtu/l.
Hot water is produced at 395°F. All boilers in this steam plant
were designed zor stoker coal-firing but were later converted to
burn No. 6 oil.

Currently an electric boiler system is supplying steam by a special
agreement with the local utility. Apparently, the utility will
supply electricity for steam generation at a very reduced price
(50.0215/kWh). Because Tim Fry says this may not last much longer,
the LCC analysis was performed assuming that No. 6 oil is the pri-
mary fuel.

The yearly average electric use is roughly 45 MBtu/h. Boiler effi-
ciency is reported to be about 65-76X. No coal equipment is left.

HEATING PLANT UNITS

Heating Plant No. 423:

2 x 25 MBtu/h, Combustion Engineering, 1956
25 and 42 MBtu/h, International Boiler Works, 1958
42 MBtu/k, International Boiler Works, 1964

IDEAL CAPACITY FACTOR ANALYSIS

The ideal capacity factors listed below were calculated from monthly
electric-use data for plant No. 423.

FY 1985 FY 1986
Electric ideal ideal
input capacity capacity

(MBtu/h) factor factor

40 0.81 0.82

50 0.74 0.76

60 0.68 0.70

70 0.63 0.64

90 0.51 0.53

ENERGY PRICES

FY 1986 Price Data:

Electricity = 4.2¢/kWh (regular price)
Distillate = $5.41/MBtu
Natural gas = $3.64/MBtu
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C. H. Guernsey and Co. Survey:

Electricity
generation)

Distillate

COAL PROPERTIES AND PRICES

Origin

HHV, Btu/lb

Z Ash

Z Sulfur

X Nitrogen
Ash-softening temperature,
Swelling index

Top size, ii.

Bottom size, in.
Fines, %

Grindability index
Cost at mine, $/ton
Delivered cost, $/ton
Energy cost, $/106 Btu

ENVIRONMENTAL REGULATIONS

°F

186

$6.07/MBru ($0.91/gal)

Stoker

2.15¢/kWh (§6.3/MBtu, special price for steam

ROM

Morhland, Utah

Morhland, Utah

6.1 Air Pollution Emission Limits for New Sources

15 18

. For boilers >30 and <100 MBtu/h:

. For boilers >30 and <1a¢ #Btu/h:

12,300 12,200

8 8

1 1

1.2 1.2

2300 2300

1 1

1 1/4 11/2

1/4 0

10 45

41 41

32 22

46 36

1.87 1.48
3 1b/MBtu.

No emission limit.

Particulates. For boilers >30 and <100 MBtu/h:

E = 0.811 (MBtu/h)92.131,
For 42 MBtuv/h: 0.5 l1b/MBtu.

6.2 Coal-?ile Runoff

Limit: Total suspended solids — 50 mg/L.

6.3 Ash Disposal

Ashes are classified as nonhazardous industrial solid waste and
may be disposed of in any approved sanitary landfill.

OTHER CONSIDERATIONS

This base is located near sources of lignite.

The low—-cost elec-

tricity scheme for the electric system boiler may stop in the near

future.
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COAL~CONVERSION PROJECT OUTLOOK

A refit/replacement project for one of the 42-MBtu/h output (equiva-
lent to 43 HMBtu/h electric input) boilers may be economically
attractive. An overall capacity factor near 72X is expected, assum-

ing

8.1

8.2

8.3

a 90X availabilicy.

Effect of Environmental Regulations on Selection of Combustion
Technologies

S0, and NO,. Any of che.combustion.tgchnologies being consid-
ered could be employed without requiring any measures foc NO,
or S0, reduction since the proposed conversion project is
smaller than 100 MBtu/h and the coal has a low sulfur content.

Particulates. Bag filters or electrostatic precipitators would
be requived to cumply with the particulate emission limits.

Physical Space and Aesthetics

Heating Plant. The existing boiler plant was originally
designed for coal. There is space available for reinstalling
coal-combustion equipment at the existing boiler or for con-
struction of a new boiler at another site on base.

Coal-Handling Equipment, There is space available for install-
ing coal-handling equipment at the existing boiler.

Coal Pile. There is space available for a coal pile at che
existing boiler plant or at a new site on base.

Technical Risk of Combustion Technologies

The least technical risk would be for refit of stoker firing to
the existing boiler, since it was originally designed for this,
or installation of a new stoker-fired boiler. The other tech-
nologies would have greater technical risks because of lack of
operating experience, and all of them would be of the same
order since the existing boiler is designed for coal firing.

COGENERATION PROJECT OUTLOOK

Cogeneration would not be economical at this base because of the
very low electric power rates.
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10, INPUT AND LCC SIMMARY SPREADSHEETS

SRAND FORKS APR: 1 X 42 MBtu/hx #4 BOILER. BCOROMIC PARAM - NOMINAL VALURE

Total stesm output = 42,0
3oiler capacity factor = 718
Nusber o units for xefit =)
Eydrated Llime price(8/ton) = 4C.00
Ash disposal price (8/ton) = 10.00
Zlastzic price (centa/kWh) = 4,20
Labar xate (kS$/yr) = 33,00
Lineatone poice ($/ton) » 20,00
YULL PRICES
Natural gas price {§/MBtu) = .00
#2 Oi) price (3/MBtu) = ,00
#56 O1) price (8/MBtu) =~ 3,67
orrions
Soot bivwer multipliler = .0
Tube bank mod multipliex = .0
Bottom ash plt multipliex = {,0
$02 control sultiplier = ,0
LDMESTONE /L. 1ME
Inert fractlien r .08

EOONCMIC PARAMETIRS
Inflation & dlscounting base yesr =
Gen irfla index (1887 to base yr) =
Gas infla Index (1088 to basa yr) =
01l inflae Index (1988 to hase yr) =
Coal infla index (1908 to base yr) =
Project start year =
Project Llife (yr) =
Depreciation life (yr) =
General {nflation rdite (X/yr) =
Typs of gas ascalation =
Type of oil escalation =
Type of coal escalstion =
Discount rate (X/yr) =
Rate cof return on-invest (X/yc) =
Amount of worxking ca, ital (month) =
Federal incocd tax rate 1) =
Local prop tax (& insur) rate (1) =

Mitu/hr

COAL PHOFERTINY
BLO.M,
Ash fraction = 080
Sulfur fraction = ,010
KMV (Btu/lh) = 12200,
YURL MmICrs
R.O.M, coal ($)MALtu) = 1,48
Stoker coal (8/MBtu) = 1,987
CCal/N20 nix ($/MBtu) = 3,00
Cosl/oil mix (S/MAtu) = 3,50

fuakeg
.080

.010
12300,

Primary fael ia 1
#8 FUIL OIL,
1=46 0i1, 2=¢42 011, J=NG

1088
1.040
1,000
1,000
1,000
1080
30

15

[
egas
ol
ecoal
10

17

2

34

2

REAL ESCALATION RATE (2/vr)

TYPE OF FUEL 1988 1990 1995 2000 AND
FUEL __ ESCALATION = -1990 ~1995 ~2000 BEYOND
Gas egas 3.89 8.87 5.77 5.0
oil eoil 4,86 7.87 &.1F 4,16
Coal scoal 1.16 2,31 1.19 1,18

2:52 M4 Oct 19, 1988
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GRAND YORKS AYM: | X 42 Mitu/hr #6 BOILER, YOORCMIC PARNM = WOMINAL VALUEY
Tatal steam output » 42,0 MBtu/hx Cost base year = 1988
Rollnx capacity factox = 718 Primary fual = #6 FUEL OIL

Nusher of unita for zefit = )

ARNUAL COS1S
¢ TFUEL/ FUEL TOTAL MAINT  OTHER
OF SIZAM FPRICE CAPITAL  FURL OLH O&H
hi S ] 3
Natural gas bofler == 800 .00 .0 0 0 .0
#2 O1) figed boller -~ 800 .00 .0 0 .0 .0
26 O1) fized bojler == 800 3.87 0 1204,8 3130, AiR.3

Hicrenized coal xefit 1,800 1.48 219.2 487 45,8 600.0
Slagging burner refit 1 800 1,48 4026.2 4873 345.8 600.0
todular FX refit 1 .80 .48 4631.1  4N.3 320.1 587.2
Stoker firing refit 1 .70 1.8 2770.8 68,2 320.1 580.9
Coal/water slurzy 1 .75 .00 2088.4 10%3,7 J20.) 310,86
Coal/oll slurry 1 780 3.5 1835.9 1182.1 2822 A86.2

T )] 7 22,4 7 75,2
Packsged shell stoker 1,760 1.87 J240,1  648.2 328.1 580.9
Packaged shell FIC 1,780 1.48 4089,1 513.0 329.1 587.6
Fleld exected stoker 1,800 1.8 3845.8 815.8 J27.1 373.6
Field execied FXC 1 800 .4&@ 6405.1 482.,) 3s2.2 387.1
Pulverized coal boller 1 820 1.48 6797.0 475.5 J86.2 516.8

& 7 & 2 §$37.7
LIFE LIFE
CYCLE CYCLE
COST, DISCOURTED COST,
COAL DISCCUNTED BENEFIX/ PAYBACK DISCOUKTED BENEFIT/
¢ OF USE, AS SPENT COST PIRIOO, AS SPENT CoST
JECHNOLOGY UNITS senlyg x3 RATIO Xz X3 RATIO
Naturel gas boiler = -- 0 o=
#2 011 fired boiler - - 0 .-
25 Oi) {ired boiler == = A9 1.000  <--- Exigting_gystem, vrimery fuel
Micronized coal refit 1 13,40 14,238 1,632 5.4 15,768 1,474
Slagging buzner refit 1 13,405 15,647 1.485 8.} 18,050 1,288
Modular FEC refit 1 13,686 15,056 1,458 8,8 18,661 1,245
Stoker Liring refit 1 14,000 15,822 1,469 7.1 17,623 1.219
Coal/water slurzy 1 14,308 18,475 1.258 9.0 20,008 1.162
Coal/oll slurry Not avaluated
ow Btu ge re 2 17,882 1,300 jo0.8 20,227 1,140
Packaged shell stoker 1 14,090 16,202 1.434 7.9 18,238 1,274
Packaged shell FBC 1 14,208 15,669 1,483 8.1 18,080 1,285
Field erected stoker 1 13,388 17,988 1,292 12,6 21,343 1,088
Fleld erected FBC 1 13,495 17,838 1.303 12,8 21,460 1,083
Pulverized coal boiler 1 13,166 18,318 1,269 13,8 22,145 1,049
Cireulating FBC 1 13,329 18,634 1,247 14,8 22,839 1,018

2:52 M Oct 19, 1988
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Total stesmm cutput = 42,0
Boller capacity factor = ,718
Nuaber of units for refit = 1
Bydzated Llime price(f/ton) = 40,00
Ash dispossl price (3/ton) » 10.00
Electric price (cents/hmh) = 4,20
Labor rate (X3/yr) = 35.00
Liméstona price (S/ten) = 20.00
YUEL PMRICES
Natuzal gas price (5/HBtu) = .00
#2 OL) price (S/Mktu) ~ ,00
#6 OiL price (S/10tu) = 3,87
orTIONS
Soot blower muleiplier - .0
Tube bank mod meltiplier = ,0
Bottom ash pit multiplier « 1,0
504 control multiplier « .0
LIMESTORT /LT
Inert fraction = .05

ECONOMIC PARAMETERS
Inflstion & discounting base year
Gen infla index (1087 ¢S base yr)
Gas infla index (1988 to bhase yr)
Oil infla index (1988 to base yr)
Cosl Infls index (1088 o base yr)
Project start year
Project life (yr)
Depreciation life (yr)
Generel inflation rate (X/yr)
Type of gas eacalation
Type of oll escalation
Type of coal escalation
Diacount zate (X/yz)
Rate of return on Invest (X/yr)

-

Mitu/he

COAL FROPERTIES

BQ.M, Sxcker
Ash fraction = 080 080

Sulfur frsction - 010 010
YAV (3tu/lb) = 32200, 12300,

FUIL rmICts
R.O.M, coai (3/MBruy + 1.48
Stoker coal (3/MBiu) = 1,87
Coal/H20 mix (%/MBtu) = 3,00
Coal/ell mix ($/M8tu) ~ 3,50

Pzimaxy fuel is 1
#8 FUEL OIL
146 011, 2~42 O}, 3-NG

1988
1.040
1,000
1.000
1.000
1980
36

15

0
ogas
eoll
scoal
10

12

Amount of working capital (sonth) = 2
Federal Income tax rate {(X) = 34
Local prop tax (& \nsur) rate (X) = 2

~——BEAL ESCALATION RATE (2/vz)

TYPE OF FUEL 1088 1990 1095 2000 AND
FUEL ESCALATION =19%0 =1995 ~2000 BEYORD
Gas egas 2,28 4,70 5,49 2.715
o1 eoll 17 4,16 5.55 2,77
Coal eacoal 1,46 1.76 1.61 .81

3:07 ¥ Oct 19, 1988
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CRAND FORKS AFN: 1 X 42 Metu/hr #6 BOILER, YURL Riny XXTALATION  ALD 1947
Total atesm cutpet = .0 MEtu/hr Cost bane year = 1648
Boiler capacity facror ~ .218 Primazy fuel = #& FUEL OIL

Number of unita for refit = 1

ANNUAL COSTS
4 FULL; TUEL  TOTAL HAINT  OTMER
OF STIAM FRICE  CARITAL  FUIL 0k O&M
JECINQLOGY UNIXS IFF  &/Mmsu k3§ X3 i3 x$

Natural gas boller == L300 .00 0 0 ) 0
#2 Oi} fixed boller == 800 .Co .0 .0 N .0
e . Y (1]

Micronized coal rafit 1 800 1.4 2319,2 A2 34,8 898.0
Slegging burner zefi2 1 800 1.42 1026,2 AM7D) LT N 600.0
Hodular FEC refie 1 .90 148 4631,1  4R3.S 200 87,2
Stoker Ciring refit 1 780 1.8 2770.8 840.2 329.1 520.9
Cosl/watsr slurry 1 .75 2,00 2088.4 1053.7 29,1 310.8
Coal/oll aluzxy 1,780 3,50 1835,8 1182.) 2621 A88.2
) 272, 4 2 [\ b

Packaged shell stoker 1,780 1,87 3240,1 6402 251 380.9
Packsged shell FOC 1 8 LA 4080.1 1.0 329.1 587.6
Fleld erected atoker T 800 LW 3305.8 615,83 g 515.0
Fleld exected X 1,800 1,48 6403.1 4073 n2.2 587.1
Pulverized coal boller 1 ,820 L.48 6787.0 424,53 386.2 616.8
1

Clzculaing FR¢ 210 1.43 3335.0 81,3 22,1 6.7

—— AR FORCE PROILCT . _TRIVATE PROJECT. .

LIFE LIrE

CYCLE cYcLe

CosT, DISCOURTED 08T,

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BEXEFIT/
¢ OF vse, AS SPEINT cost PERIOO, AS SPINT COsT

JECENGrOGY UNITS  ten/yr x$ RATIO ¥r x$ RATIO
Katural gas boilar we .- 0 ke
#2 011 fired boller .- e 0 -
¢4 01) figed boiler == ke 19,638 1,000  «<=== Existing gystem. primerr fuel
Micronized coal relit 1 13,4908 14,139 1,348 7.8 15,689 1,213
Slagging burner refit 1 13,485 15,570 1,223 12,3 17,870 1.058
Hodulaz FBC zefit 1 13,666 15,877 1,189 13.3 18,581 1,025
Stoksxr Liring refit 1 14,080 15,719 1.211 11.3 17,517 1,087
Ccal/water slurcy 1 14,305 18,307 1,040 22,5 19,832 .960
Cesl/oil slurry Not evaluated
Low Pty xesifier pefit 1§ 15,780 _ 17,767 1,072 29,1 20,108 987
Packaged shell stoker 1 14,080 18,099 1,183 12,8 18,132 1,050
Packaged cheli FBC 1 14,208 15,5688 1,221 12,3 18,005 1.057
Field exactad stoker 1 13,386 17,802 1,064 21,9 21,242 .896
Field erected FEC 1 13,495 17,760 1,072 21.5 21,380 .89%0
Pulverizod coal boiler 1 13,166 18,243 1,044 24 4 22,067 .863
Circulating FBRC 1 13,329 18,558 1.026 26.8 22,761 . 836

3:07 B Oct 19, 1988
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. 4 -+
Total stemm cutput ~ 42,0 MBtu/hs
Boller capacity factor - 718
Number of units Loz refit = }

Hydzated lime pzicel{S/ton) » 40.00 COAL MOreexixs
Ash dispoasl price (8/ton) = 10,09 RO.H., Sicker
Electric price (cents/kWh) = 4,20 Ash Lrection » ,080 080
Labor rate (h3/yr) « 35,00 Sulfur fzaction » ,010 .010
Limestone price {S/ton) = 206,00 RYY (Bru/lbh) = 12200, 12300,
UYL FrRICES TUEL 7RICES
NKatural gas price (S/MEtu) = .00 R.O.H. cosd (SNBLu) » 1,48
#2 OLL pricy (3/108tu) = .00 Stoker cosl (5/MH3tu) » 1,87
#5 OL% price (8/M3tu) = 3,87 Coal/H20 :mix (S/MBty) ~ 3.00
orrioms Caal/old nix (3/18u) = 3,50
Soot blower multipliex = .0
Tude bank mod mltipliex » .0 Primsxy fuel 12 1
Bottom ash pit suliiplier « 1.0 #6 FUEL OIL,
502 contzol multiplier » .0 1898 Ol1, 2-42 OLl, 3I=}G
LIMESTONE/LIME

Inert fLzattlon » .05

POOMMIC PARAMETERS
Inflation & discounting base year ~ 1088
Gen Infla Indox (1087 to base yr) « 1,040
Gas {nZla index (1988 to base yr) = 1,900
Ol infla index (1068 to base yr) = 1,000
Coal inZle Indax (1088 to base yr) = 1,000
Project atart year =~ 1090
Prolect Lfe {yr) = 30
Depreclation lizge (yz) « 15
Genural irflation zate (X/yr) = 0
Typs of gas escalation = zero
Type of oll escalation = zero
Type of cosl escalation = zero
Discount rate {X/yc) * 10
Rate of return on invest (X/yr) = 17
Amount of working capital (month) = 2
Federal income tax rate (X) = 34
Local prop tax (& Insur) rate (2) ~ 2

R SCALATION RATE (X

Y

TYPE OF FUEL 1038 1990 1995 2000 AXND
FUEL _  ESCALATION =3930 ~1095 =2500 BEYOND
Gas 2010 0 0 0 0
o1l zero ] 0 0 0
Coal zero 0 0 0 0

3:13 4 Oct 19, 1988
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SRAPD FORICE ATE: 1 X A2 MBtu/hr #6 ROILIX, YUTL REAL COCALATION > IZRO
Total atemm cutput # 42,0 HAtu/hr Cost base yasr = 1048
Bollar capecity factor = 718 Teimary fuel = #8 FUEL OIL

Number of units for xefit ~ }

ANNUAL CO3T8
# JFUEL7  FUEL  T0TAL HAINT  OTMER
OF STEAM IRICT CATITAL TUEL 0O&Nd O&KH
JronNiony UNIIS _EFF Sty k3 3 ) 13 k3
Katursl gas boller == 830 Q0 .0 .0 .0 .0
#2 O1) £ired boller - R0 .60 .0 .0 .0 .0
wa &L

Hicronixed coal refit 1,800 1.48 D182 487 5.8 §00.0
Slagging burner xefit 1 800 .48 4028,2 823 5.0 606.0
Hodular FIC refit 1 .790  1.48 4831.1 4833 281 387.2
Stoker firing refit 1 .80 )W 2779.8  648.2 326.1 330.9
Coal/water slursy 1 .75 Y00 2088.4 1083.7 J20.1 sl0.8
Coal/oll slurry 1 8 3.8 1033, 11821 282,) 4148,2
1 » 2 3 22,4 2 25,2
Tackeged shell stokexr 1,780 1.87 3240.1 S48 320.1 530.9
Packaged shell ¥FOC 1 .60 .43 4080.1 3130 328.1 587.6
Field erected stoker Y 1[I W } 5842.8  613.% 327.1 35.0
Tleld ezected FIC 1,800 1.4 8403.1 47,3 2.2 ara
Pulverized cosl boller 1 ,820 1.48 6797.0 475,38 J88.2 618.8
] 4 2 & 7 2,7

—AlR FORCE TROJRCT . . TRIVAIZ FROJICT

LIFE LIFE

cYcLr CYcLE

cast, DISCOUNTED COsT,

O0AL DISCOUNTED BEXNEFIT/ PAYBACK DISCOUNTED BENEFIT/
¢ OF USE, AS SPENT COST PERIQD, AS SPENT cost

JECHNOLOGY UNITS ronlvr X3 RATIO s x$ RATIO
Natural gas hoiler . el 0 -
#2 011 Zired boiler -~ - 0 -~
28 011 Lixed beiler ed == 14,253 1,699 === Existing_svstes, vrimary fyel
Micronized coal zefit 1 13,408 13,480 1.087 12.9 14,901 851
Slagging burner refit 1 13,498 14,801 457 »3 17,272 825
Hodular FBC refit 1 13,605 15,190 .938 >3] 17,874 .707
Stoker firing refit 1 14,082 14,818 852 >3] 16,588 L3359
Coal/water slurry 1 14,393 18,840 846 >31 18,323 718
Cosl/oll slurry Not ovalusted
Low Bty gesiier vetit 1 15,780 16,755 851 >3] 1,088 L3
Packaged shell stoker 1 14,000 15,186 038 >3 17,203 B9
Packaged shell FBC 1 14,208 14,873 958 >31 17,270 825
Fleld erected stoker 1 13,3868 17,033 .837 >31 20,36y .700
Fleld ezected FAC 1 13,495 17,082 834 >31 20,682 .689
Pulverized coal boliler 1 13,186 17,581 811 >31 21,386 .668
Circulat 3,328 17,887 797 >3] 22,07} 846

3:13 Oct 19, 1988
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MINOT: SAC
BACKGROUND

Minot AFB is located near Minot, North Dakota. The central heating
plant is of interest for this study. The base hospital also has a
heating plant which is far too small for ccal-firing consideration.

The central heating plant has six water-tube boilers that burn
natucal gas or No. 6 oil (for backup) to produce 400°F hot wacer.
Two boilers (42 and 25 MBtu/h) originally burned coal and were later
converted to burn gas or oil; cthe remaining boilers were designed
for residual oil. No coal equipment is satill present. Yearly
average fuel use is about 50 MBtu/h.

HEATING PLANT UNITS

Heating Plant No. 413:

2 x 25 MBru/h, Interpational Boiler Works, 1956
25 MBtu/h, International Boiler Works, 1960

2 x 25 MBtu'h, Combustion Engineering, 1957

42 MBtu/h, Babcock & Wilcox, 1963

IDEAL CAPACITY FACTOR ANALYSIS

Based on monthly fuel-use data, the ideal capacity factors lisced
below were calculated for plant No. 413.

FY 1985 FY 1988
Fuel ideal idesl

input capacity capacity

(MBtu/h) factor factor
40 0.79 0.78
50 0.75 0.73
60 0.70 0.68
70 0.66 0.63
80 0.61 0.58
90 0.57 0.53
100 0.53 0.48

ENERGY PRICES

FY 1986 Price Data:

Electricity = 3.2¢/kWhr
Distillate = $5.90/MBtu
Natural gas = $3.90/MBtu

The data show no residual oil was purchased in FY 1986.




195

C. H. Guernsey and Co. Survey:

Electricity = 1.45¢/kWh
Residual = $2.53/MBtu (looks suspect)
Natural gas = $4.18/MBtu

The C. H. Guernsey and Co. survey gives No. 6 as the secondary fuel,
costing only $0.38/gal. The survey alsc gives electricity as being
very cheap. It is possible chat the oil was purchased when oil

6.

prices were very low.

Letter from HQ SAC (10/27/88):

Electricity = 1.52¢/kWhr
Natural gas = $3.60/MBtu

COAL PROPERTIES AND PRICES

Stoker ROM

Origin Morhland, Utah Morhland, Utah
HHV, Beu/lb 12,300 12,200
X Ash 8 e
X Sulfur 1 1
X Nitrogen 1.2 1.2
Ash-softening tamperature, °F 2300 2300
Swelling index 1 1
Top size, in. 1 1/4 11/2
Bottom size, in. 1/4 0
Fines, X 10 45
Grindability index 41 4]
Cost at mine, $/ton 32 22
Delivered cost, $/ton 46 36
Energy cost, $/106 Btu 1.87 1.48
ENVIRONMENTAL REGULATIONS
6.1 Air Pollution Emission Limits for New So: rces

50,. For boilers >30 and <100 MBtu/h: 3 lb/MBtu.

NOy,. No emissio. limits for boilers >30 and <100 MBtu/h.

Particulates. For boilers >30 and <100 MBtu/h:

E = 0.811 (MBtu/h)~0.131 = 0,5 1b/MBtu for 42 MBtu/h.

6.2 Coal-Pile Runoff

Limit:

Total s:spended solids ~ 50 mg/L.
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6.3 Ash Disposal

Ashes are classified as nonhazardous industrial solid waste and
may be disposed of in any approved sanitary landfill.

OTHER CONSIDERATIONS
This base is situated near sources of lignite.
COAL-CONVERSION PROJECT OUTLOOK

An obvious project would be to convert/replace the 42-MAtu/h unit
(~54 MBtu/h fuel input). The overall capacity factor, assuming a
90X availability, is estimated to be about 65X.

8.1 Effect of Environmental Regulations on Selection of Combustion
Technologies

50, and d0y. Any of the combustion technologies being consid-

ered could be employed without requiring any measures for NO,
or SO, reduction since the proposed conversion project is
smaller than 100 MBtu/h and the coal has a low sulfur content.

Particulates. Bag filters or electrostatic precipitators would
be required to comply with the particulate emission limits.

8.2 Physical Space and Aasthetics

Heating Plant. The existing boiler plant was originally
designed for coal. There is space available for reinstalling
combustion equipmen: at the existing boiler or for construction
of a new boiler at another site on base.

Coal-Handling Equipment. There is space available for install-
ing coal~handling equipment at the existing boiler.

Coal Pile. There is space available for a coal pile at the
existing boiler plant or at a new site on base.

8.3 Technical Risk of Combustion Technologies

The least technical risk would be for refit of stoker firing to
the existing boiler, since it was originally designed for this,
or installation of a new stoker-fired boiler. The other tech-
nologies would have greater technical risks because of lack of
operating experience, and all of them would be of the same
order since the existing boiler is designed for coal firing.

COGENERATION PROJECT OUTLOOK

Cogeneration would not be economical at this base because of the
very low electric power rates from the electric utility company.
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10, INPUT AND LCC SUMMARY SPREADSHEEIS

)

Total styam cutput = 42,0

Boller
Number of

capacity factor =
units for refit =

Hydrated lime price($/ton) =

Ash disrosal price (8/ton) =

Electric price (centa/kWh) =

Labor rate (x8/yrc) =

Limestone price (S/ton) =
YUKL rRIces

Natural gas price ($/MBtu) -

#2 O1) price (3/Mitu) =

#8 OLL price (§/MBtu) =

OrrIORS

Soot blower multiplier =

Tube bank mod multiplier

Bottom ash pit sultiplier =

502 control multinlier

LIMESTONE /LMK

Inert fraction =

ECONCOMIC PARAMETIRS
& discounting base year = 1088
index (1867 to Lase yr) = 1.040
index (1988 to base yr) = 1,000
index (1028 to base yr) = 1,000
index (1988 to basa yr) = 1,000
Project starl year = 1900
Project life (yr) = 0
Deprecliation life (yr)
General inflation zate (2X/yr)
Type of gas escalation
Type of oil escalation = eoll
Type of coal escalation
Discount rats (X/yr)
Rate of zeturn on invest (X/yr)
Amount of working capital (month)
Federal income tax rate ()
Local prop tax (& insur) rate (X)

Inflation
Gen infla
Gas intla
01l infla
Coal infla

84"
1
40,00
10.00
1,30
33.00

Mitu/hr

COAL FROCIRYIES
ROQ.M, Nsckex
Ash fzaction = 080 .080
Sulfur fraction = 010 .010

20,00 MY (Btu/lb) = 12200, 12300,
YUKL FRICxs

3,60 R,0,M, coal (§/MBtu) = 1,42

.00 Stoker coal (8/MBtu) =~ 1,87

3.67 Coal/H20 mix (3/MBtu) = 3,00

0
.0
1,0
0

.03

Cosl/oll mix (S/MBtu) = 3,50

Privary fuel is 3
NATURAL GAS
1=~#6 041, 2-42 01}, I=NG

- 13
-0
= ogas

= gcoal
- 10
- 17

= 34

———REAL ESCALATION RATE (T/yr)

TYPE OF FUEL 1g88 1809 1995 2000 AND
FUEL ESCALATION =1980 ~199% =2000 BEYOND
Gas egas 3.89 8.8?7 %77 5.77
OlL eoll 4.86 7.87 - 4,16 4.16
Coal ecoal 16 2,21 1.19 1.18

2:06 M Jan 4, 18989
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. 4 e A/
Total atesm cutput = 42,0 MAtu/hr Coat bhane yesr = 1988
Boilexr capacity factor = 648 Primary fuel = NATURAL GAS

Nunber of units for refit = 1

— ANMUAL COSTS
¢ FUEL/ TFUEL TOTAL MAINT QTSER
OF STEAM PRICE CAPITAL  FUEL O&M O&M
IECHNOLOGY  UNMITS KFF /Mty k3 k3 ¢ k$
Natuzal gas boller -~ ,800 .60 .0 1089.3 130.3 422,68
#2 O fired boller = 800 00 - 0 .0 .0 .0
» - [+ ? 3 427

Micronized coal refit 1,800 1.48 2319,2 439.7 43,8 557.4
Slagging burner refit 1,800, 1.48 4026.2 A38.7 345,08 557.4
Modular FBC zefit 1,790 1.48 AG31.1  AA3D 328.1 533.4
Stoker firing refit 1 .760 1,87 2778.8 5848 320.1 551.8
Coal/water slurry 1,750 .00 2088.4 950.7 J20.1 A81.3
Coal/oil slurry 1,780 3.50 1835.9  1086.,5 262.1 457.5
: 7 7 3777.4 X

Packaged shell atoker 1,780 1,87 J240,1 5848 328.1 551.6
Packaged shell FBC 1 .,760 1.48 4080.1 A62.8 320.1 553.8
Fleld ezected stoker 1 .%00 1,87 5845.8 535.6 327.1 549.2
Fleld erected FAC 1,800 1,48 8405.1  439.7 382.2 553.3
Pulverized coal boller 1 ,820 1.48 §797.0 429.0 386.2 586.4

Circulating FIC 1 810 1,48 75560 4343 3271 $93.2

o~ AIR FORCE FROJECT . PRIVATE PROJECT

LIFE LIFE
CYCLE CYCLE
cosT, DISCOUNTED CosT,
COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/
¢ OF UsE, AS SPENT oSt PER10OD, AS SPENT CoST
TECHNOLOGY UNITS ton/yr k3 RATIO Y k$ RATIO
Natural gas boiler - - 23,436 1,000 <-=+ Existing system primary fuel
#2 Oil fired boller - -- 0 -
€6 041 fired boiler -- == 21,278 ==
Micronized coal refit 1 12,176 13,480 1.743 6.0 14,970 1,567
Slegging burner refit 1 12,178 14,871 1.577 8.9 17,251 1.360
Modular FBC retit 1 12,330 15,241 1.539 9.8 17,927 1.308
Stoker firing refit 1 12,713 15,001 1,564 7.9 16,778 1,398
Coal/water slurry 1 12,988 17,284 1,357 10.5 18,780 1,249
Coal/oll slurry Not evaluated
Low Bty gesifier refit 1 14,238 16,500 1,421 10.8 18,813 1:247
Packaged shell stoker 1 12,713 15,381 1,525 8.8 17,394 1,348
Packaged shell FBC 1 12,817 14,937 1.570 9.0 17,336 1,353
Fleld erected stoker 1 12,077 17,226 1,362 13.4 20,558 1.141
Field exected FBC 1 12,176 17,130 1.369 13,6 20,732 1.131
Pulverized coal boiler 1 11,879 17,647 1,329 14,7 21,455 1.093
Ciyrculating FBC 1 12,026 17,843 1,314 15,4 22,031 1.065

2:06 Y Jan &, 1989
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MIROT AYE: 1 X 42 MBtu/hr. FURL BEAL KCALATION = ARO 1947
Total steam cutpub = 42,0 Mitu/he
Boller sapacity factor « 646
Number of units for xefit = 1

Hydzated lime price($/ton) = 40,00 COAL FROPERTIIS
Ash disposal p:ice (S/ton) = 10,00 K.Q.H. Stoker
Electric price (centa/kWh) = 1,350 Ash frsction = ,080 080
Laboz rate (k8/yr) = 35.00 Sulfur fraction = 010 010
Limeatone price (8/ton) = 20,00 REV (Btu/lb) « 12200, 12300,
UL MmICEs TULL PRICES
Natural gas price (3§/MBtu) = 3,60 R.0.M. coal (§/MBLu) = 1,48
#2 Oil price (8/iBtu) = .00 Stoker coal (8/MBtu) =~ 1,87
#6 Ol price (8/MBtu) = J.67 Coal/B20 mix (§/MBtu) = 3,00
orrioss Coal/oll mix (3/MBtu) = 3,50
Soot hlower sultiplier = ,0
Tuba bank mod multiplier = .0 Primaxy fuel i3 3
Bottom ash pit multiplier = 1.0 NATURAL GAS
502 control multiplier « .0 1=#6 OL), 2=#2 011, I=NG
LIMESTONT /LIMK

Inszt fraction = ,05

LCORCMIC PARAMITERS
Inflation & discounting base year = 1088
Gen infla index (1987 to base yr) = 1,040
Gas Infla index (1988 to base yr) = 1,040
04l infla index (1988 to base yr) ~ 1,000
Coal infla index (1988 to base yr) = 1,000
Project start year = 1990
Project life (yr) = 30
Depreciation 1life (yr) = 15
General inflation rate (X/yr) = 9
Type of gas escalation = egas
Type of oll eacalation = aoil
Type of coal eacalation = ecoal
Discount rate (X/yz) = 10
Rate of return on invest (I/yr) = 17
Amount. nf snrking capltal (month) = 2
Federal income tax rate (X) = 34
Lccal prop tax (& insur) rate (X) = 2

——REAL ESCALATION RATE (T/vr) .

TYPE OF FUEL 1988 1900 1905 2000 AND

U ON 1990 ~1993 ~2000 BEYOND
Gas egas 2,28 4,70 5.49 2.75
oil eoll .17 4,16 5.55 2.77
Coal ecoal 1.46 1.76 1.61 .81

11:13 AM  Jan 11, 19689




MINOT AYE: 3 X 42 Mpty/hr, YUEL REAL ESCALATION = ALO 1947
Total steam culput » 42,0 MBtu/hr Cost base year = 1088
Boller capacity factor = 648 Primary fuel = NATURAL GAS

Nurber of units for refit = )

—ANNUAL COSTS
¢ FUEL} FUEL  TOTAL MAINT  OTHER
OF STEAM IPRICZ CAPITAL FUEL O&LM O&M
IECHNOLOGY UNLIS EFF S kR x$ k3 X3
Natural gas boiler == ,800 3,680 0 1082.3 150, 427.8
#2 011 fired boiler -= 800 00 0 .0 .0 N
8 = ? 427

Micronizaed coal sefit 1,800 1.48 2218,2  4,.7 J45.8 357.4
Slagging burner zefit ) 800 1.48 4028,2 A38,7 45,8 557.4

Hodular FAC refit 1,700  1.48 4831.1 4453 328.1 553.4

Stoker {iring refit 1,780 1.8 2779.8 3848 320.1 451.6

Coal/water slurry 1,750 .00 2068.4 8350.7 J20.1 48,3

Coal/eil slurry 1 .780 .50 1835.8 1086.8 282.1 A57.5
7 7 772, 4 > 4

Packsged shell stoker 1,760 1,37 J240,1 584,80 329.1 351,6

Packaged shell ¥FBC 1 .70 1,48 A080,1 462.8 320.1 553.8

Fleld erected stoker 1 .800 1,87 S845.8 555.6 327.1 349.2

Fleld eracted F3C 1,800 1.48 8405,1  430.7 382.2 3533

Pulverized coal boiler 1 820 1.48 8797.0 428.0 J88.2 586,4
) 7 434 7

———AIR FORCE PROJECT . __ IRIVAIZ PRQUECT

LIFE LIFE

CYCLE CycLE

COST, DISCOUNTED CoSsT,

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/
¢ CF UsEg, AS SPEINT COST PERICD, AS SPENT cosT

JECHNOLOGY _UMITS son/yr k$ RATIO i 4 k$ FATIO
Natural gas boller b - 18,044 1,000 <===~ Existing system, primary fuel
#2 Oil fired beller we - 0 -
26 Oi1 fired bojler bubnd == 17,487 s
Micronized coal refit 1 12,176 13,390 1,348 8.0 14,5698 1.211
Slugging burner refit 1 12,176 14,891 1.219 12.6 17,179 1.050
Hodular FBC refit 1 12,330 15,171 1,189 4.1 17,054 1.611
Sioker firing refit 1 12,713 14,908 1,210 11.5 16,683 1,082
Coal/water slurcy 1 12,088 17,132 1,053 20,7 18,624 988
Coal/oil slurry Not evaluated
Low Bty xusifier refit 1. 14,238 16,403 1.100 12.8 18,707 983
Packaged shell stoker 1 12,713 15,258 1.180 13.1 17,202 1,043
Packaged shell FBC 1 12,817 14,863 1.214 12.8 17,260 1.045
Fleld exscted stoker 1 12,077 17,137 1.053 23,1 20,487 882
Field erected FBC 1 12,176 17,060 1,058 22.8 20,660 .873
Pulverized cosl boiler 1 11,879 17,579 1,026 26.5 21,385 844
Circulating Fio 1 12,026 17,7729 1,015 28,4 21,060 . 822

11:13 A Jan 11, 1989
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Total steam cutput = 42,0
Boller capacity factor = ,BAS
Nucher of unita for refit =1
HBydzated Lime price(§/ton) « 40,00
Ash disposal price (5/ton) = 10,00
Electric price (centa/kkh) = 1,50
Labor xate (k3/yr) = 35.00
Lizeatone price (5/ten) « 20,00
FUEL PRICES
Natural gas price (§/t8tu) » 3,60
#2 01 price (S5/MBtu) = .00
#8 01l price (5/t@tu) = 3,87
OrTIONS
Soot blower oultiplier » .0
Tube bank wod emltiplier = ,0
Bottoma ash pit multiplier = 1,0
502 control multipliez = .0
LIMESTONE /LIME
lnext fraction = .05

ECONOMIC PARAME(IRS
Inflation & discounting base year =
Gan infla index (1987 to base yr) =
Gas infla Index (1083 to base yr) =
Ol Infla index (1082 to base yr) =
Coal infla index (1988 to base yr) =
Project stari year =
Pzoject life (yr) =
Depreciation life (yr) =
General inflation rate (I/yr) =
Type of gas escalation =
Type of oil sescalation =
Type of coal escalation =
Discount rate (X/yr) =
Rate of return on invest (X/yr) =
Amount of working capital (month) =
Federal income tax rate (I) =
Local prop tax (& insur) rate (X) =

201

Mitu/hs

COAL PROIERTIES
R.Q.H, Btoker
Ash friction » ,080 .080
Sulfur fzaction = ,010 ,010
BHV (Btu/lb) = 22200, 12300,
FUEL IRICES
R.0.H, coal (3/M8tu) = ).48
Stoker coal (S/18tu) = 1,87
Coal/H20 mix (5/HBLu) ~ 3,00
Coal/oil mix (S§/MBtu) = 3,50

Prisary fuel iz 3
NATURAL GAS
1=48 Ol1l, 2=42 Oll, 3«NG

1088
1.040
1,000
1,000
1.000
1990
30

15

0
T8I0
o0
280
10

17

2

34

2

REAL ESCALATION RATE (X/yr)

IYPE OF FUEL 1088 1990 1995 2000 AND
FUEL ESCALATION =1990 =1995 ~2000 BEYOND
Gas zero 0 0 0 0
oil zero 0 0 N 0
Coal zero 0 0 0 0

11:23 AM Jan 11, 1989
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Total steam output = 42,0 MBty/he Cast base year = 1083

Boiler capacity factor = .648

Primary fuel = NATURAL GAS

Number of units for refit = 1

ANNUAL COSTS
¢ TFUEL! FUEL TOTAL HAINT OTHER
OF STZAM UPRICE CAPITAL FUEL O&MN O&H
Ireunorooy  UNITS EFE SiMBey Kk k$ k3 '8
Matural gas boller == ,800 3.60 .0 1069.5 150,31 427.6
#2 Oi1 fized boller == 800 .00 .0 .0 .0 .0
s od b == .80 2 427.6
Micronized coal zeflit 1,800 1.48 2319.2  439.7 345.8 557.4
Slagging burner refit 1,800 1,48 4026,2 430.7 345.8 557.4
Modular FBC rafit 1 .780 1.48 4631,1 4453 J29.1 553.4
Stoker Lirxing refit 1 .780 1.8 2779.8 5848 323.1 331.6
Coal/water slurry 1 .750 3,00 2068.4 950.7 J329.1 481,3
Coal/oll slurry 1,780 3,50 1835.9 1086.5 262.1 457.5
ow Btu gasi€ier refit 8790 87 227.4 0 303 4
Packaged ahell stoker 1 ,760 1,87 3240,) 5848 J320.1 551.6
Packaged shell FBC 1,760 1.48 4060.1 452.8 328.1 553.8
Fileld erected stoker 1 800 1.67 5845.8 555.8 327.1 549,2
Field exected FBC 1,800 1,48 6405.1  430.7 382.2 553.3
Pulverized coal boller 1 ,820 1,46 8797.0 420,0 386.2 586.4
[ tin 0 & 7 434 7 3
- AIR FORCE PROJECT . PRIVAIE PROJECT
LIFE LIFE
CYCLE CYCLE
CosT, DISCOUNTED COST,
COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTEG BENEFIT/
¢ OF USE, AS SPENT CoST PERIOD, AS SPENT CGST
TECHNOLOGY, UNITS ton/yr x$ RATIO Y5 k3 RATIO
Natural gas boller - - 13,008 1.000 <=== Existing system, primary fusl
#2 Oil fired boller - —- 0 -
46 O] fired boller == == 13,170 --
Micronized coal refit 1 12,176 12,717 1,018 19,8 14,268 .012
Slagging burner refit 1 12,176 14,188 017 >31 16,549 786
Modular FBC rafit 1 12,330 14,55} 894 >31 17,216 \756
Stoker firing refit 1 12,713 14,093 .923 >31 15,845 .821
Coal/water slurry 1 12,088 15,808 .823 >31 17,263 754
Coal/oll slurry Not svaluated
Bty ge . [} 13,492 , 840 >31 17,769 2732
Packaged shell stoker 1 12,713 14,474 899 >31 16,461 .790
Packaged shell FBC 1 12,817 14,219 015 >31 18,597 .784
Fleld exected stoker 1 12,077 16,363 .785 >31 19,672 .661
Field erected FBC 1 12,176 16,447 .791 >31 20,030 548
Pulverized coal boiler 1 11,879 16,981 .766 >31 20,770 .526
Circulating FBC 1 12,026 17,174 .257 >31 21,338 ,610

11:23 A Jan 11, 1989
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PEASE AFB: SAC
BACKGROUND

Pease AFB is located near Portsmouch, New Hampshire. The steam
plant consists of two 110-MBtu/h water-tube units firing natural gas
as the primary fuel and No. 6 oil as the secondary fuel. A refuse-
derived fuel has also bean used in these boilers. These boilers
were originally designed for residual fuel oil combustion. Average
annual fuel use was about 42 KBtu/h for PY 1986. Refuse-derived
fuel was about 45X of the total.

HEATING PLART UNITS

Heating Plant No. 124:

2 x 110 MBtu/h, Combustion Engineering, 1955
IDEAL CAPACITY RFACTOR ANALYSIS

The ideal capacity factors listed below were calculated from monthly
fuel-use data for plant No. 124,

FY 1986
Fuel ideal
input capacity
(MBtu/h) factor
40 0.68
50 0.64
70 0.56
90 0.47
110 0.39

ENERGY PRICES

FY 1986 Price Data:

Electricity = $15.5/MBtu = 5.3¢/kWh
Distillate = $5.91/MBtu

Residual = $4.54/MBtu

Natural gas = $3.8/MBtu
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5. COAL PROPERTIES AND PRICES

Stoker ROM
Origin Slago, Pa. Slago, Pa.
HHY, Btu/lb 13,000 12,800
X Ash 1-9 8-10
X Sulfur 1.8-2.2 1.8-2.2
X Nitrogen 1.32 1.30
Ash-softening temperature, °F 2500 2300
Swelling index -8 6-8
Top size, in. 15/8 2
Bottom size, in. 1/2 0
Fines, X 3
Crindability index 50=55 50-55
Cost at mine, $/ton 40 26,50
Deliveved cost, §$/ton 66.60 53.10
Energy cost, $/106¢ Btu 2.56 2,07

The coal prices quoted above assume rail delivery to Pease AFB. The
base is currently removing its rail connection because it crosses a
maisr highway. If coal has to be delivered by truck, delivered
costs could be higher by as much as $0.50/MBtu.

6. ENVIRONMENT/™ REGULATIONS

6.1 Air Poliution Emission Limits for New Sources

SO0,. No emission limits for boilers <100 MBtu/h; for boilers
>100 MBtu/h: FBC — 90X reduction to meet limit of 1.2 1b/

MBtu; emerging technology — 50X reduction to meet limit of
0.6 lb/MBtu.

No,. No emission limits for boilers <1N0 MBtu/h; for boilers
>100 MBtu/h: spreader stoker and FBC — 0.6 lb/MBtu; pulverized

coal — 0.7 1b/MBtu.
Particulates. For boilers >100 MBtu/h: 0.05 1b/MBtu.

6.2 Coal-Pile Runoff

Limit: Total suspended solids — 50 mg/L.

6.3 Ash Disposal

Ashes are classified as nonhazardous industrial solid waste and
may be disposed of in any approved sanitary landfill.,

7. OTHER CONSIDERATIONS

None
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COAL~CONVERSION PROJECT QUTLQOK

Replacement/vefit of one boiler may be attractive. It is estimated
that the overall capacity factor for conversion of one 110-MBtu/h
unit to coal, but derated to 75 HBtu/h output (~94 MBru/h fuel
input) to avoid environmentsl regulations, would be roughly 41X
assuming 907 availability.

8.1 Effect of Environmental Regulations on Selection of Combustion
Technologies

S0, and NOy. Any of the combustion technologies being consid-
ered could be employed without tequiring any measures for NO,

or 50, veduction since the proposed conversion project is
smaller than 100 MBtu/h.

Particulates. Bag filters or clectrostatic precipitators would
be required to comply with the particulate emission limits.,

8.2 Physical Space and Aesthetics

Heating Plant. The existing boiler plant was originally
designed for No. 6 o0il, so return to stoker is not possible.
There is space available for installing coal combustion equip-
ment at the existing boiler or for construction of a new boiler
at another site on base.

Coal-Handling Equipment. There is space available for install-
ing coal-handling equipment at the existing boiler.

Coal Pile. There is space available for a coal pile at the
existing boiler plant or at a new site on base.

8.3 Technical Risk of Combustion Technologies

The existing boilers are designed for No. 6 oii-firing and
therefore are not sutiable for conversion to stoker-firing, but
they could be converted to coal-water mixture or micronized
coal-firing. Since the peak winter fuel use is about 85
MBtu/h, one of the 110-MBtu/h boilers could be derated to 68%
capacity and meet the peak load. This would make the technical
risk low for either coal-water-mixture or micronized coal.

COGENERATION PROJECT OUTLOOK

The prospects for a coal-fired cogeneration system appear to be
marginal. The minimum average montkly electrical load is fairly
low, 3.2 MWe, and the price of electricity is only moderately high,
5.3¢/kWh. Based on the FY 1986 energy-use data, a cogeneration
plant with a boiler rating of 64 MBtu/h output and a 3-MWe turbine-
generator would have an electrical power capacity factor of 90X and
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a peak thermal output of 40 MBtu/h, with s thermai energy capacity
factory of about 65% if used as a baseload heating plant. A water-

tube boiler with a steam rating of 1200 psia and 900°F would be the
most suitable boiler for this cogeneration system,
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10, IXPUT AXD LCC SIWRARY STREADIEZETS

2 [1 [ ¥,
Total steam cutput = 23.0  Mdtu/he
Boller capacity Zactor = ,4QY
Kusher of unlta for zefit » )
Bydrated lime pricef8/ton) » 40,02 COAL FROTERTIXS
Ash disposal price (3/ton) * 10.02 R.O.M, Sieker
Electzic price (centa/kkh) = 3,30 Ash Lractlon = 000 080
Labor zate (k8/yz) = 335.00 Sulfur fraction = ,020 .020
Lizestona price (S/ton) =~ 20.C0 RUV (Btu/lb) » 12800, 13000,

YULL micrs UL micrs
Naguzal gas price (&/M3tu) = 3,89 R.0.H4. coal ($/K%tu) » 2,07
#2 OlL price (3/tBtu) « .09 Stoker coal (3/MAtu) ~ 2,58
#8 OLL prica (5/M8) = 3.87 Coal/li20 mix (3/MHBtu) = 3.00
OrTIONS Caal/oll mix (8/M8tu) » 3,50

Soot blower pultiplier = .0
Tube bank mod sultipliar = [0 Primary fuel is 3
Bottom ash pit sultipliax = 1.0 NATURAL GAS
8502 control multiplier ~ .0 1~46 01}, 2«42 Oll, J=NG
LIMESTONE /LIME
Inext fLzaction = ,08

&

EOONMIC FARAMETIRS
Inflation & discounting base year =~ 1688
Gen infla Index {1037 to base yx) = 1,040
Gas infla Index (1088 to base yr) = 1,000
041 inflas index (1088 to base yr) =« 1,000
Coal infla index (1083 vo base yr) =~ 1,000
Project astart year = 1000
Project Llife (yr) = 30
Depreciation 1life (yx) = 15
General inflation rxate (I/yc) = 0
Type of gas escalation = egas
Type of oil escalation = eoil
Type of cosl e¢scalation = scoal
Discount rate (X/yr) » 10
Rate of zeturn on invest (I/yr) @ 17
Azount of working capital (month) = 2
Fedezal income tax rate () » 34
Local prop tax (& insur) xate (1) » 2

REAL ESCALATJOM RATE (2/vr)

TYPE OF FUEL 1088 1990 1995 2000 AND

UEL ESCALATION =1890 =1995 =-2000 BEYOND
Gas sgas 3.89 8.87 5.77 5,77
DLl eoil 4,86 7.87 4,16 4.16
Coal accal 1.16 2.31 1,19 1.19

4:20 P Oct 21, 1988
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FEASE AFN: ] X 73 Mitythp, FOOMOMIC PARNSCTIRS - WOMINAL VALUTS
Total steam output * 15.0 HSte/hr Coyt bass year = 1948
Botler capacity factor « 400 Primazy fuel » XATURAL UAS

Nuedier aof units for Zefit ~ )

e ANHUAL COSTS
¢ FUIL/  FULL  TOTAL MIXT  OTEIR
Cf STEAM IRICE  CAMTAL FUEL UAH OKH
IrenNotony UN17S ESF . Sisu 3 1] X2 X3
Natuzal gus bolles == 800 1J.00 0 1220.1  20%.8 322.8
#2 OLL Zired boller - B30 .00 .0 .0 0 .0
45 01} {{red boltler == 835 .67 0 1228.7 288.8 3338

Hiczonized coel zefit 1 820 2.07 NIy s0L® 428.¢8 696.3
Slagging burner vefit 1 800 2.07 5388.5 601.9 428.6 §98.3
todular FIC refie ) W 2,02 8$413.8  700.7 103,5 880.0
Stoker firing xelit 1780 2,58 739.5  §00.7 405,35 §20.4
Coal/water slursy 1 50 300 2875.4  1088.8 %05.5 $93.8
Coal/old slurey 1 .80 3,50 2373.8 109,989 322,90 366.9
e Bt 2 - [} 8 ] Qos 4.0
Packaged shell stoker 2 780 2,356 5631.0 900.7 405.5 785.7
Packaged shell TBC 2 ,760 2,07 7003.8 7283 £05.3 776.8
Fleld azected stoker 1 .800 2.5 8328.)  835.7 £03.0 860.5
Field exected TBC T .00 2.0? 9102.0 691.9 470,09 870.8
Pulvazizad coal boller 1 820 2,02 0710,9 §75,0 4735.9 709.8
Cizreulating 3¢ 1. .8j6 2,07 1]082.8 ¢&8). & £0).0 238,1

AIR_FORGE PROJECT —JRIVATE PROJECT
LIFE LIFE
CYCLE CYCLE
CosT, DISCOUNTED COsT,
CoAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/
¢ OF use, AS SPENT CosT PERIOO, AS SPENT cosT
JECHROLOGY UNITS tonlvs 3 FATIO ¥ 3 PRATIO
Natural gas bollec - - 28,224 1.000 <==« Existing systes, primary fuel
#2 011 fired boliler .- - 0 -
28 011 fired boiler - -- 24,800 =~
Micronized coal xefit 1 13,057 18,330 1.540 7.9 20,195 1,384
Slagging burner refit 1 13,057 20,306 1,300 12.0 23,501 1,198
Modular FBC refit 1 13,222 20,770 1,359 13.1 24,470 1,153
Stoker firing refit Not applicable bacause existing boller was dirigned for #8 olil
Coal/water slurzy 1 13,9027 20,821 1,369 10.4 22,605 1,248
Cosl/oll slurxy Not evaluated
u gesifier refit 5 25,423 1.1)0 22,3 29,322 963
Packaged shell stoker 2 13,532 22,667 1,245 15.8 26,050 1,083
Packaged shell FBC 2 13,744 22,294 1.286 15.8 26,349 1,071
Fleld erected stoker 1 12,856 23,625 1,195 18.6 28,348 9986
Fleld erected FBC X 13,057 23,560 1.108 18.8 28,696 984
Pulverized coal boller 1 12,738 24,115 1.170 20.0 29,524 .956
Circulating FBC 1 12,895 24,887 1,334 22.0 30,987 91

4:20 P Oct 21, 1988
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BIATE AN, L. X 33 Mttulhe, FUEL RPAL YSCALATION * AYO 1087
Toral stezs auiput = 75.0  Miwufhr
Zoller capacity factos » .407
Kumbiar of units DT zafit = 1

Hydrated lime prica(S/ton) = 40.60 COAL FROFERYIES
Ash dlsposal price (S/ton) » 10.00 RO.M, Stoker
glactric price {renta/kkh) » 530 Ash Lraction = 000 030
- tabor Tate (k3/yc) # 35.00 Sulfur fraction = 020  ,020
Limeatone price (&/ton) = 20.C0 HEY (Beu/ib) ~ 12803, 13000,
e, mices FUXL IRICKS
- Kstuzsl xas prica (S/M3tu) = 3,80 R.O.H. zoal (5/48t) =~ 2,07
#2 GLL price (313t} » .00 Stokes coal {(5/M8tu) = 2,36
45 OL) price (§/4Bu) ~ 2,67 Coal/H20 mix (3/H8%) + 3,00
orTIons Coalfoil msix (5/45tu) » 3,50
230t blower emyltiplies = 0
Tube bank mod pwltiplier « .0 Prisacy fuel is 3
stom ash pIL multiplies # 1.0 HATUHAL GAS
502 connrol moitipiler + 0 <86 01}, 2+42 OL1, 3=NG
LIMESTONE/LTME

Inert fraction » .03

ECOROMIC PARAMETERS
Inglation & diacounting base year « 15888
s Sen Infla Index (1047 to base yz) « 1.040
Cas {nCla fndex (1088 %0 base yr) » 1,000
0L} infla index (1388 to bise yr) -~ 1.000
Coal infla index (1548 to baae yz) = 1,000
Project staxt yaar = 1990
Project Lifs (yr) » 30
Depzeciation lifa (yr) » 15
Genazal Inflation rate (X/yz) = 0
Type of gas eacalation ¢ egas
Typs of oil escalation = eoll
Type of coal ascalation » wcosl
Discount rate {X/yr) = 10
Rate of relurn on lnvest {X/yr) = 17
Amount of working capital (=onth) = 2
Federal income tex rate (X) = 34
Local prop tax (& insur) xate (1) » 2

REAL ESCALATION RATE (2/yr)

TYFE OF FUEL 1088 1830 1995 2000 AND
FUEL ESCALATION =1990 =1095 =2000 BEYOND
Gas egas 2,28 4,70 5.49 2,75
0il anll B Y 4,16 5.55 2.77
Cosl scoal 1,46 1,76 1.61 .81

4:25 4 Oct 21, 19088
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IIASE AYD: 1 X 73 Mety/hr, YUEL REAL ESCALATION = ARD 1987
Total stesm cutput = 73.0 MBtu/h:z Cost base yaar = 1588
Noiler capacity Lactor = ,407 Primary fuel = NATURAL GAS

Nomher of units for refit = 1

ANNUAL COSTS

# TFUEL) FUEL  TOTAL MAINT  OTHER

OF STEAH PRICE CAPITAL  FUIL O&H O0&?A -
IpcHNoloGY URITS EFF  Saimve xS k3 k3 k§
Matuzal gas holler -= 800 3.80 .0 1270.1  206.8  522.8
#2 Oi1 fired boiler -~ 800 .00 ,0 .0 .0 .0 .
25 011 {ized Yoller == 800 3,67 .0 1226,7  206.8  $22.3

Miczonlzed coal zefit
Slagging bhurnez refit
Hodular FB3C rxafit
Stoker firing refid
Coal/water slurry
Coal/oll slurry

.800 2,07 N72.7 801,90 428,6 696.3
800 2.02 5368.5 &91.9 426.6 600.3
700 2,07 G41).8 700,27 405.5 680,90
780 2,58 759.3  000.7 403.5 §70.4
.750 3,00 2875.4 1089.8 L05.5 503.8
.780 3,50 2573.6  1109.0 322,09 366.9
w 7 3 0 24,0 931.3
Packaged shell atoker 2 760 2,56 5631.0 000,7 405.5 788.7
Packaged shell FBC 2 ,780 2,07 7033.5  728,3 404.3 776.8
Fleld arected atoker T 800 2.36 8326.1 8557 403.0 660.5
1
1

o pe Bo ps Pe P

Fleld exzscted FBC 800 2,07 9182.0 691.0 470,89 570.8
Pulverixed coal boiler 820 2,07 $710.9 875.0 A73.9 708,68 ]

Clzculating FRC 1 ;810 2,97  11087.8 88).4 403.0 2381

— AJR FORCE PROJECT __ __ _PRIVATE FROUECT

LIFE LIFE

CYCLE CYCLE

cosT, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/ PAYPACK DISCOUNTED BENEFIT!
¢ OF USE, AS SPENT cost PERIND, AS SPENT cost

JECHNOLOGY UNITS ton/yr x$ _RATIQ Yr x$ RAYIO
Natural gas boiler .. - 21,797 1.000 <=== Existing system, primary Juel
#2 041 fired boller - - 0 -
26 O] fired boller == - 29,333 -
Micronized coal refit 1 13,057 18,220 1,108 11.7 20,202 1.075
Slagging burner refit 1 13,057 20,185 1.079 19.9 23,477 928
Modular FBC refit 1 13,222 20,650 1.055 22.6 24,365 895
Stoker firing refit Not applicable because existing boller was designed for #6 oil
Coaljwater slurry 1 13,927 20,451 1.066 19.4 22,430 972 -
Coal/oi} slurry Not evaluated
Low Btu gasjfier refit 2 15,156 25,262 863 >31 29,137 1748
Packaged shell stoker 2 13,532 22,524 868 >33 25,803 842
Packaged shell FBC 2 13,744 22,179 .983 >31 26,230 .831 .
Fleld erscted stoker 1 12,856 23,489 .928 >31 28,206 773
Field erected FBC 1 13,057 23,450 ,930 >31 28,582 .763
Pulverized coal boiler 1 12,738 24,008 .908 >31 29,413 JJ41
Clrculating FBC 1 12,895 24,718 .880 >31 30,875 _.7086

4:25 ™ Oct 21, 1988
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S H 2 [
Total steam cutput = 75,0 Hitu/hr
Bollex capacity factor % ,407
Nusher of units for sefit = 1

Hydrated lime price({S/ton) = 40,00 COAL FrROreRrIZS
Ash disposal price (5/ton) = 10,00 R.O.M, Stoker
Electric price (cents/xWh) = 5,30 Ash fzaction = 000 .080
Libor rate (k$/yr) =« 35,00 Sulfur Lzaction = ,020 020
Limestone price (5/ten) = 20,00 BHV (Btu/lb) = 12800, 133000,
FURL PRICES YUEL PRICES
Netural gas price ($/t8tu) = 3,80 R,O0.H. coal (8/18ru) ~ 2,07
€2 Oi) price (5/MBtu) = .00 Stoker coal (8/e8tu) = 2,58
#6 011 price ($/tBtu) w 3,67 Coal/N20 mlix (S$/MBtu) = 3,00
OPTIONS Coal/oll =ix (8/MMtu) = 3,50
Soct blower multiplier » 0
Tube bank wod multiplies « ,0 Primary fuol is 3
Bottoa ash pit multiplier = 1,0 NATURAL GAS
S02 control multiplier = .0 1~#8 0i), 2~¢2 0L}, 3I=NG
LIMESTONE /LIME

Inert fractlon = ,05

EOONOMIC PARAMETIRS
Inflation & discounting base year = 1588
Gen Infla index (1087 to base yx) = 1,030
Gas infla Index (1688 to base yr) = 1,000
Oil infla index (1083 to base yr) = 1,000
Coal infla index (1688 to base yr) = 1.000
Project astart year = 1890
Projact 1ife (yr) = 30
Depreciation life (yxr) = 15
General inflatlion zate (I/yr) = 0
Type of gas escalation » xero
Type of oll escalation = zero
Type of coal escalation = zero
Discount rate (X/yz) = 10
Rate of return on invest (X/yr) = 17
Amount of working capital (month) = 2
Federal income tax rate () = 34
Local prop tax (& insur) rate (1) = 2

REAL ESCALATION RATE (X/vr)

TYPE OF FUEL 1938 1090 10895 2000 AND

UE SCA oN =1990 =189% ~2000 BEYOND
Gas 2eX0 0 0 0 0
2793 zero 0 0 0 0
Coal 2ero 0 0 0 0

4:28 PM  Oct 21, 1988
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QE AFB: 7 tufh . »
Total staam output « 75,0 iMtu/he Cost base year = 1088
Botler capacity fagtor = 407 Primary fusl = NATURAL GAS

Hunber of units for refit = 1

ARNUAL CCSTS
# TUEL/ FUEL  TOTAL HAINT  OTHER
OF STEAM FRICE CAPITAL  FUEL O&N O&M
IfcnoLoGy UNIIS_SFE__SiMpty ¥3 X3 X3 X3
Hatursl gss boller ~= 800 .80 .0 1270.1  206.8 322.8
%5 J1 fired boller - 800 .00 0 .0 .0 0
#5 011 fived Yoller =~ 00 3,87 .0 12268,7 206,8 232,8

Micronized coal zefit 1,800 2,07 177.7  691.% 426.6 696.3
Slagging burner zefit 1 800 2.07 5568.3 691.9 426.8 8968,
Modular FBC refit 1 .790 2,07 6413.8  700.7 405.5 680.0
Stoker Liring refit 1 .760 2,38 3750.5  $00.7 403.5 670.4
Coal/water alurry 1 .75 .00 2875.4  1089.86 4035.5 503,.8
Coal/otl alurry 1,780 3.50 2573.8  1190.9 322.9 568.9
Low Btu pasifier rofft 2 _ 670 2.6 8$332,0 1008,8 37%,0 031,93
Packaged shell stoker 2 780 2,56 5631.,9  900.7 40¢.5 788,7
Packaged shell FEC 2 .60 2,07 7033.5 7283 405.3 778.8
Field ereacted stoker 1 .800 2,56 8J28.1 835.7 403.0 860,35
Fleld azacted FBC 1 .800 2,07 0182,0 6901.8 470.0 670.8
Pulverized coal boiler 1 820 2,07 9710.0 6?3.0 475.9 700.6
Circulutine FAC 1 310 2,07 110872,8 _683.4 403,0 2381
———AIR TORCE PROJECT . . _PRIVATE PROJECT _ |
LIFE LIFE
CYCLE CYCLE
cosT, DISCOUNTED CosT,
CoAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/
4 OF USE, AS SPENT CoST PERIOD, AS SPENT cosT
JECHKOLOGY URITS tonfyy X3 RATIO yr 3 RATIO
Natural gas boller - b 15,817 1,000 <-== Existing system, primary fuel
€2 011 fired boiler .- -- 0 -
46 0f1 fired bniler - == 15,4790 il
Micronized coal refat 1 13,057 17,256 017 >31 19,201 .820
Slagging burner refit 1 13,057 19,232 822 »*31 22,486 .703
Modular FBC refit 1 13,222 19,603 .80 >3l 23,361 .677
Stoker Liring refit Not applicable becauss existing boller was designed for #5 oll
Conl/water slurry 1 13,027 18,962 834 >31 20,898 .757
Coal/oil slurry Hot evaluated
Low Btu gasifier refit 2 15,156 23,857 ,863 >3] 27,712 257
Packaged shell stoker 2 13,532 21,270 2 Th4 >31 24,812 643
Packaged shell FBC 2 13,744 21,164 L7147 >31 25,186 .628
Fleld erected stoker 1 12,856 22,297 .709 >31 26,980 .586
Fiold erected FEC 1 13,057 22,488 .703 >31 27,591 573
Pulvevized coal boiler 1 12,738 23,068 ,686 >31 28,447 .556
Circulating FBC 1 12,895 23,826 , 664 >31 29,897 529

4:28 P4 Ozt 21, 1988
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PLATTSBURGH AFB: SAC
BACKGROUND

Plattsburgh AFB is located near Plactsburgh, New York, The main
boiler plant (building 2658) has 6 x 50-MBtu/h boilers firing the
design fuel, No. 6 oil. The boiler plant produces pressurized hot
water with temperatures up to about 400°F. The yearly average fuel
use is roughly 83 MBru/h.

HEATING PLANT UNITS

Heating Plant No. 2658:

4 x 50 MBtu/h, Intecnational Boiler Works, 1955
2 x 50 MBtu/h, Combustion Engineering, 1957

IDEAL CAPACITY FACTOR ANALYSIS

The ideal capacity factors listed below were calculated from monthly
fuel-use data for plant No. 2658,

FY 1987 FY 1988
Fuel ideal ideal
input capacity capacity
(MBtu/h) factor factor
40 0.96 0.95
50 0.1 0.90
70 0.83 0.81
90 0.76 0.75
100 0.73 0.72

ENERGY PRICES

FY 1986 Price Data:

Year average End of year
Distillate $5.90/MBtu Same
Residual $5.08/MBtu Same
Electric $17.3/MBtu = 5.91¢/kWh 6.3¢/kWh

C. H. Guernsey and Co. Survey:

The most recent costs from the C. H., Cuernsey and Co. survey agree
with the FY 1986 costs.




3.

6.

7.

8.

COAL PROPERTIES AND PRICES

Origin

HHV, Btu/lb

X Ash

X Sulfur

X Nicrogen
Ash-softening temperacure, °F
Swelling index

Top size, in.

Bottom size, in.
Fines, X

Crindability index
Cost at mine, $/ton
Delivered cost, $/ton
Energy cost, $/106 Bru

ENVIRONMENTAL REGULATIONS
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Stoker ROM
Slago, Pa. Slago, Pa.
13,000 12,800
-9 8-10
148—2-2 108-202
1.32 1.30
2500 2300
6-8 6-8
15/8 2
1/2 0
5
50~55 50-55
40 26.50
64.00 50.50
2.46 1.97

6.1 Air Pollution Emission Limits for New Sources

SO,. No emission limits for boilers <100 MBtu/h; for boilers
>100 MBtu/h: FBC — 90Y reduction to meet limit of 1.2 lb/MBtu;
emerging technology — 50X reduction to meet limit of 0.6

1b/MBtu.

NO,. No emission limits for boilers <100 MBtu/h; for bnilers
>100 MBtu/h: spreader stoker and FBC — 0.6 lb/MBtu; pulverized

coal ~ 0.7 lb/MBtu.

Particulates. For boilers >100 MBtu/h:

6.2 Coal-Pile Runoff

Limit: Total suspended solids — 50 mg/L.

6.3 Ash Disposal

Ashes are classified as nonhazardous solid waste and may be

0.05 1b/MBtu.

disposed of in any approved sanitary landfill.

OTHER CONSIDERATIONS

None

COAL CONVERSION PROJECT OUTLOOK

Based on load data, a refit/replacement project would probably
involve one 50-MBtu/h output (~63 MBtu/h fuel input) boiler. The
overall capacity factor is estimated to be about 76X, assuming 90X
equipment availability.
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8.1 Effect of Environmental Regulations on Selection of Combustion

Technologies

50, and NOy. Any of the combustion technologies being consid-
ered could be employed without requiring any measures for NO,
or S0, reduction since the proposed conversion project is
smaller chan 100 ¥Btu/h.

Particulates. Bag filters or electrostatic precipitators would
be required to comply with the particulate emission limits.

8.2 Physical Space and Aesthetics

Heacring Plant. The existing boiler plant was originally
designed for No. 6 oil, so return to stoker is not possible.
There is space available for installing coal-combustion equip-
ment at the existing boiler or for construction of a new boiler
at another site on base.

Coal-Handling Equipment. There is space available for install-
ing coal-handling equipment at the existing boiler.

Coal Pile. There is space available for a coal pile ac the
existing boiler plant or at a new site on base.

8.3 Technical Risk of Combustion Technologies

The existing boilers are designed for No., 6 oil-firing and
therefore are not suitable for conversion tov stoker-firing. The
least teachnical risk would be for installation of a new stoker
boiler. The refit technologies would have greater technical
risks because of lack of operating experience, and all of them
would be of the same order since no SO, removal is necessary.

COGENERATION PROJECT OUTLOOK

The prospects for a coal-fired cogeneration system appear to be
interesting. The minimum average monthly electrical load is fairly
low, 3.2 MWe, but the price of electricity is moderately high,
6.3¢/kWh. Based on the FY 1986 energy-use data, a cogeneration
plant with a boiler rating of 64-MBtu/h output and a 3-MWe turbine-
generator would have an electrical power capacity factor of 90X and
a peak thermal output of 40 MBtu/h, with a thermal energy capacity
factor of about 65X if used as a baseload heating plant. A water-
tube boiler with a steam rating of 1200 psia and 900°F would be the
most suitable boiler for this cogeneration system.
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10. INRUT AND LCC SUMMARY SPREADSHEETS

BURCS] AFDB: D Iy t R

Totsl stesm output = 50,0 Hitu/he
Yoller capacity fLactor = ,764

Sumber of units for refit =}

Hydzated lime price(S/ton) =~ 40.00 COAL TROPIRTIES
Ash disposal price (3/ton) = 10,00 R.Q.M,. Stoker
Electric price (cents/kWh) = 6.30 Ash fractlon = 090 080
Labor rate (k§/yr) = 35,00 Sulfur fzaction = ,020 «020
Limestone price (S/ton) = 20,00 BNV (Btu/lb) = 12309, 1)000.
FUEL rRIces FULL FRICES
Katuzal gas price (3/MBtu) ~ .00 R.O.H. coal (S/ttu) = 1.Q7
#2 OfL pzice (S/MAtu) « .00 Stoker coal (5/iAtu) = 2,48
#6 OiL price (5/M3tu) = 3.67 Coal/H20 mix (S/M8%) = 3.00
orrIons Coal/oil mix (3/M8tu) ~ .50
Soot blower multipliex = 0
Tuba bank mod multiplaer = 1,0 Primary fuasl is 1
Bottom ash pit multipilaer « 1.0 #6 FUEL OIL
502 control multiplier = .0 =48 O, 2=9201), 7 G
LIMESTONE /LIME

Inext Lzaction = .03

POOPIMIC PARAMETERS
Inflation & discounting base year « 1088
Gen Infla index (1087 5 base yz) = 1,040
Gas Infla index (1988 to base yr) = 1,000
Ofl infla index (1988 to base yg) = 1,000
Coal infla index (1088 to Lase yx) =~ 1,000
PzojJect start year » 1090
Project life (yr) = 30
Depreclation Life (yr) = 15
Genezal inflation rate (X/yr) = 0
Typs of gas escalation = egas
Type of oll ascalation » wsoll
Type of coal sscalation = ecoal
Discount rate (X/yx) = 10
Rate of return on invest (X/yz) = 17
Amount of working capital (month) = 2
Federal income tax rate (I) = 4
Locsl prop tax (& insur) rate (I) = 2

RE. SC oN 1
TYPE OF FUEL 1088 1900 1995 2000 AND
FUEL ESCALATION ~1090 ~1895 =2000 BEYOXD
Gas egas 3.89 8.87 5.77 5.77
01l eoil 4,86 2.87 4.18 4,16
Coal acoal 1.16 2,31 1,19 1,19

2:19 P4 Jan &, 1989
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. A ¥ ARAMETTRS ~ NOMINAL VA
Total steam output ~ 50,0 HBtu/hs Cost base yesr -« 1048

Boller capacity factor = 764 Primary fusl = ¢8 FUEL OIL
Rumber of units for zefit = 1}

AXXUAL COSTS

¢ TFUEL} FUEL TOTAL PAINT (7382}

OF STEAM PRICE  CAPITAL  FUEL O&Y oO&M
JECHNOLOGY UNITS EFF  B/MBty %3 X3 %3 z3
MHatural ges bofler = 800 .00 .0 .0 0 .0
#2 04} £ired boiler =~ .80 .00 .0 0 N .0

48 O 2ired bhojfler == L8030 _3.87 20 1535, 1634 91,1
Hicron{zed coal zefit 1 800 1.07 2554,4 824.0 368.2 674.7
Slagging burner refit 1 800 1,07  A4k2,8  024.0  368,2  674.?
Hodular FBC rafit T .80 .02 31107 8345 J30.4 650.3
Groker Lizing xefit 1 .60 2,48 3034.0 1083.2  J50.4 636.2
1
1

Coal/water alurcy 750 3,00 2586.4 1338,3  350.4 363,72
Coal/oll siurry .780 3,30 21311 15008 279.0 538,2
o A op ref ? A8 4169.9 1213.3 323.2 810,4
Packaged shell stoker 1,760 2,48 7.4 1083.2  3s0.4 636.2
Packaged shell FAC 1 .80 1.®7 4523.8 0887.4 J30.4 650.9
Fleld ezectad stod-z 1 .800 2,48 6497.4  1020.0 J48) 625.7
Fleld wrected FiC 1 .800 19?7 713,380 497.0 650.1
Pulverized coal boller 1,820 .87 7562,  803.9 411,2 676.8
Cireularing FAC 1,010 1.92 8473.6 8313.9 348,3 236.2

AIR FORCE PROJECT o TRIVATE PROJECT
LIFE LIFE
CYCLE CYCLE
COST, DISCOUXTED €O5T,
COAL DISCOUNTED DBENEFIT/ PAYBACK DIYCOUNTED BENEFIT/
¢ OF USE, AS SPENT €osT PERIOD, AS SPENT €osT
JECENOLOGY UNITS __tonfvr X3 RATIO Xr ) 44 RATIO
Natural gas boller - .- 0 -
#2 0Ll Lired boller et - 0 "=
46 041 fired bofler == el __ 28,680 1,000 <=== Existing_svystem, primary f{usl
Micronized coal refit 1 16,339 18,358 1,582 5.6 20,12} 1,425
Slagzing burner zefit 1 16,330 10,819 1.440 8.3 22,643 1,266
Modular FBC refit 1 16,546 20,220 1.418 9.1 23,280 1,232
Stoker Liring refit Hot applicable because existing boller was designed for #6 oil
Coal/water slurry 1 17,4290 22,183 1.29 9.1 24,020 1.102
Coal/oil slurcy Not evaluatad
tu gasjifier refit 9568 23,983 1,106 13,9 26,692 1,074
Packaged shell stoker 1 156,935 21,141 1,357 8.8 23,467 1.222
Packaged shell FAC 1 17,199 20,047 1,431 8.5 22,816 1,257
Fleld erected stoker 1 16,088 22,972 1.248 13.4 26,785 1.071
Fleld srected FBC 1 16,339 22,208 1,286 12,8 26,401 1,086
Pulverized coal boiler 1 15,941 22,709 1,253 13,7 27,033 1,06}
Circulating FBC . | 15,138 23,301 1.231 15.0 28,085 1,021

2:19 Jon &, 1989
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PLATTSMURGH AFB: 1 X 50 Mmtuhe, FUEL REAL ESCAIATION » AYD 1087
Total ateam output = $0.0 Hirufhie
Boiler capacity factor = .784
Nushazr ¢f units for refit = }

Hydzated Llime price(&/ton) ~ 40.00 COAL IROTERYIES
Ash dispossl priece (8/ton) » 10.Q0 R.Q.H, Stcker
Electric price (canta/kkh) = 6,30 Ash fLraction = 090 .080
Lator rate (k§/yz) » 35.00 Sulfur fLraction = 020 .020
Limestene poles (Sfton) = 23.00 Hiv (Btu/ldh) = 12880. 13000,
FUXL IRICES FUEL IRICES
Natucal gas prics (S/M3tu) ~ .00 R.0.H. coal (5/MBtu) ~ 1.97
#2 041 price (5/Mdruy =~ .00 Stoker coal (3/iAtu) » 2,48
#6 OL1 price (S/tAtu) = 3,07 Coal/li20 mix (5/Hr) = J.00
orTIons Coal/otl mix (5/¢Btu) = 3,50
Soot blower multiplier » .0
Tulie band mod multiplier = 1.0 Primary fuel in 1
Bottom ash pit smultiplier = 1,0 #6 FUEL OIL
$02 control sultiplier = .0 1=48 Oi1, 2«42 O, 3=NG
LYMESTONE/LIME

Inect fzaction » .05

YOONCMIC FARAMETERS
Infletion & diacounting base yeaxr = 1088
Gen Infla index (1987 to base yz) = 1,040
Gas infla index (1088 to basae yr) = 1.000
0Ll Infla index {1088 to base y£) » 1.000
Coal infla index (1088 to basze yr) = 1,000
Pzoject stazt year = 1980
Project 1ife (yr) = 30
Dapzeciation Llife (yz) » 15
General inflation rate (3/yr) = 0
Type of gas escalation = egas
Type of ol) sscalation = aoll
Type of coal sacalation = ecoal
Discount rate (X/yr) = 10
Rate of return on invest (Ilyr) = 17
Azount of working capital (month) = 2
Federcl incosme tax rate (I) = &
Local prop tax (& insur) rate (2) = 2

REAL ESCALATIOM RATE (X/vr)

TYPE OF FUEL 1588 1890 1995 2000 AND
FUEL ESCALATION =1990 ~1095 =2000 BEYOND
Gas ogas 2.28 4,70 5,49 2,75
0il eoil Y 4,16 5.55 2,17
Coal ocoal 1,48 1.76 1,61 .81

11:48 AM Jan 11, 1989
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-

Total steam output = 30,0 MNRu/hz
Boilexr cspacity factor ~ ,7684
Number of units for refit =1

- - y
Coat hate year = 1888
Prizacy fuel = ¢8 FUZL OIL

ANRUAL CCSTS
¢ TFUEL/ FUEL T0TAL HAINT OTHER
OF STEAM IMRICE  CAPITAL  FUEL 0O&NH O&M
JECHROLOGY UNITS EFF  SiMBtu x4 X3 3 x$
Natural gas holler - 800 .00 .0 .0 0 .0
#2 O{l fized boller == 800 .00 .0 .0 .0 .0
£ Of] fired boller -~ 2830 3,87 .0 1533.1  183.4 911
Hicronized coal zefit 3} ,800 1,97 25540,4 B24,0 J88.2 824.7
Slagging bumer ragit 1,800 1.€7 4428 24,0 368.2 84,7
Modular FIC refit 1 9% 1.9 3151.7 83,5 330.4 650,3
Stoker f£iring zeflit 1 760 2,46 3,0 1083,2  350.4 836.2
Coal/water sluzry 1,750 3,00 2383.4 1338.5  350.4 563.7
Coal/oll slurry 1 .780 23.30 2131,1  1301.6 270.0 538.2
? 4 ) o 4
Packeged shell stoker 1,780 2,46 357,40 1083.2  340.4 636.2
Packaged shell FIC 1,780 1,97 4533.8  862.4 350.4 630.9
Fleld ezected stoker 1 .800 2,46 6487.4 1020,0 B8] 823,7
Fleld erected FBC 1 .800 1,97 2333, 240 407.0 650,11
Pulverized coal bofler 1 .820 1,97 7562.3  803.9 11,2 676.6
Circulating TBC J_.810 1,97 8423,8 813.% 48,3 216.2
AL FORCE PROJECT —_IRIVATE TROJECT .
LIFL LIFE
CYCLE cycLe
COST, DISCCURTED cost,
COAL DISCOUNTED RENEFIT/ PAYSACK DISCOUNTED BENEFIT/
¢ OF UsE, AS SPENT cost PERIOD, AS SPENT COST
JEcHNOLOGY UNITS toniyr xS RATIO Xr x$ PATIO
Natural gas holler - - 0 -
#2 041 fixed boller - - 0 .-
46 Of1 fired Mniler d == 23,343 1,000 <-== Ixisting_systenm, orimary fuel
Hicronized coal refit 1 16,339 18,227 1.281 8.7 19,087 1,168
Slagging burner refit 1 16,338 19,788 1.180 13,4 22,510 1,037
Modular FBC refit 2 16,546 20,087 1.162 14.6 23,144 1,000
Stoker firing refit Not applicable bacause existing boller was designed for #6 oil
Coal/water slurry 1 17,429 21,970 1,062 19.7 23,852 079
Cosl/oil slurry Not. evaluated
Low Bty gasifier refit 1 18,988 23,790 851 >31 26,393 g8l
Packsged shell stoker 1 18,935 20,069 1,113 16.1 23,200 1,002
Packaged shell FBC 1 17,199 19,909 1,172 13.3 22,674 1,029
Fleld erected stoker 1 16,088 22,809 4.023 26.6 26,617 877
Fleld erected FBC 1 15,339 22,167 1,053 23.1 26,266 .888
Pulverized coal boller 1 15,941 22,581 1,034 25.4 26,001 .868
Circulating FBC 1 16,138 23,172 1,007 29.6 27,951 , 835
11:48 A4 Jan 11, 1989




220

Total stems cutput » 50.0
Boiler capacity Zactor = .764
Hunber of units for gefiy = )
Hydzated lime price(S/ton) = 40.00
Ash disposal price (5/ton) = 10.00
Electric price (conts/kWh) = 6.30
Lador rate (k3/yz) = 35.00
Limestone price (S/ton) » 20,00
YUEL IRICES
Matural gea price (3/M8tu) =
#2 Qi price (S/HMtu) »
#0 01} price (5/Hdtu) =
OrTIONS
Soot blowex multiplier =
Tube bank mod multiplier =
Eottoa ash pit eultipller »
502 control multiplier
LIMESTONE /LINE
Inert Lraction =

.80
.00
.87

.0
1.0
1.0
.0

.03

ECCHOMIC PARAMETERS
Inflation & discounting base year
Gen Infla index (1087 to bhase yr)
Gas Infls index (1088 to base yr)
Oi) infla index (1088 to base yr)
Coal infls index (1088 to Lasze yr)
Project stazlk year
Project 1ife (yx)
Depreclation life (yr)
Genezal inflation rate (X/yr)
Type of gas ascalation
Type of of} ascalation
Type of coal escalation
Discount rate (I/yr)
Rate of return on invast (2I/yx)
Amount of working capital (month)
Federal income tax rate (X)

"

L 4

Maru/hr

COAL IROTERTIES

ROYH, Stoker

Ash fzaction = ,090
Sulfur fraction = .020

HEY (Bru/ib) » 12804,

YUEL IRICES

R.0.H, coal (5/M8tu) = 1,97
Stoker coal (3/M3tu) = 2,48
Coal/l20 mix (3/MBku) » J.00
Coal/oll mix {5/M3tu) = 3,50

Pzimary Lusl is X
#& FUEL OIL
1~#0 011, 2«92 01, I~XG

1948
1,040
1.000
1.000
1.000
1990
30

15

zero
zoxo0
zero
10
17

2

3

Local prop tax (& insur) rate (X) = 2

REAL ESCALATION RATE (2/vr)

TYPE OF FUEL 1088 1090 1095 2000 AND
FUEL ESCALATION =-1630 ~1995 ~2000 BEYOND
Gas zer0 0 0 0 9
01l z8X0 0 0 0 0
Coal 2610 0 0 0 0

11:52 AM Jan 11, 1089

080
020
130080,
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TLATTSMRGH AT®: 1 X 50 Mpru/hr, YUKL RIAL FSCALATION = 7700
Total steas output » 50.0 Mitu/hr Cost base year = 1058
Boller capacity factor = 764 Primazry fuel « #6 FUEL OIL

Nuzbher of units for xefit » 1

—ANNUAL COSTS
¢ FUEL/  FUIL  TOTAL MAINT  OTHER
OF STEAM TRICE  CAPITAL  FUEL OLY O&M
JEcH¥ALOnY UNIIS_EFF _SiMdry  %& k3 x$ X3
Hatural gas holler == 800 G0 0 .0 .0 ]
#2 OL1 fized boflerx == 800 .00 .0 .8 .0 0
26 041 {ixed bajler = 800 3.67 20 15331 1834 4911

Miczonized coal refit 1 800 1.97 28584 24,0 358.2 674.7
Slegxing burner zefit 1,800 1,82 4442,8 #2490 368.2 874.7
Modular FBC refit 1 .90 197 L1390 B R L) 350.4 830.3
Stoker Lizing zefit 1,60 2,48 30349 1083).2  J30.4 618.2
Coal/water slurzy 1 .75 3,00 2588.4 1335,.5  330.4 563,7
Coaljoil slurzy 1 .70 3,50 2138,1 %016 229.0 3538.2

1 - 7 4 1169, 90 810,¢
Packaged shell stokezr Y ,760 2,48 35474 1083.2  350,4 8365,2
Packaged ahell FBC 1 .60 1.7 4523.8 887.4 330.4 830.9
Fleld ezected stoker 1 .800 2,46 5A97.4  1029.0 38,3 625.7
Field exected FBC 1 .800 1.7 7133, #20 407.v 630.1
Pulverizad coal boller 1 ,820 1,87 7582,3 803,09 11,2 678.6

2 42 3 [} 7
e AIR YORCE PPOJRCT . . DPRIVATE PROJECT

LIFE LIFE

CYCLE CYCLE

COsT, DISCOUNTED COsT,

CoAL UIECCUNTED  BENEFIT/ PAYBACK DISCOUXTED RBENEFIT/
¢4 OF USE, AS SPENT COST PERIO0D, AS SPENT CosT

JECHNOLOGY UNITS  tenfyr x$ RATIO ¥r _x3 RATIO
Natursl ges boller - - 0 --
#2 Of1 fized boller - - 0 e
25 O1L fived bojler ot == 12,263 1,000  <--= Existing system, primery {uel
Micronized coal refit 1 168,338 17,079 1.011 21,3 18,306 918
Slagging bumer refit 1 16,330 18,640 926 e H 21,330 .809
Hodular FBC refit 1 16,548 18,025 912 >3 21,849 .287
Stoker firing refit Not applicable because existing boiler was designed for #6 oil
Coal/water slurcy 1 17,429 20,106 .859 > 21,934 RiY
Coal/oll slurzy Not avaluated
Low Bty gasifier refit 1 18,008 22,101 .78% 23} L . 24,735 697
Packaged shell stoker 1 16,935 19,481 .88? »3N 21,738 784
Packaged shell FBC 1 12,100 18,701 .923 >3 21,432 808
Field eracted stoker 1 18,088 21,375 .808 >31 25,183 .687
Fleld erected FBC 1 16,339 21,019 .82} >3 25,086 .688
Pulverized coal boiler 1 15,841 21,462 .804 >3} 25,750 .671
Circulatinx FBC 1 16,138 22,038 _,783 >34 28,786 ,645

13:52 A4 Jan 11, 1989
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USAF ACADEMY: USAFA
BACKGROUND

The USAF Academy is located 10 miles north of Colorado Springs,
Colorado. There are two boiler plants of significance at the
Academy, both of which produce pressurized hot water. Natural gas
is the primary fuel, and No. 5 fuel oil (150,000 MBru/gal) s the
reserve fuel. All boilers are watar-tube type, and were designed
for No. 5 oil/gas firing. Only plant No, 2560 was considered in che
LCC analysis. The yearly average fuel use at plant No. 2560 is
roughly 64 MBtu/h.

HEATING PLANT UNITS

Heating Plant No. 2560:

3 x 100 MBtu/h, Combustion Engineering, 1957
80 MBru/h, Boiler Engineering and Supply Co., 1968

Heating Plent No. 8026:

2 x 30 M3tu/h, Combustion Engineering, 1957
IDEAL CAPACITY FACTOR ANALYSIS

The ideal capacity factors listed below were calculated from monthly
fuel-use data for plant No. 2560.

FY 1986 FY 1987
Fuel ideal ideal
input capacity capacicy
(MBtu/h) factor factor
50 0.87 0.90
60 0.82 0.86
70 0.79 0.81
80 0.75 0.76
90 0.70 0.72
100 0.64 0.65
110 0.58 0.59

ENERGY PRICES

FY 1986 Price Data:

Electricity = 3.5¢/kWh at year end
Natural gas = $3.8/MBtu
No. 5 oil = very little purchased




C. H. Guernsey and Co. Survey:

Electricity = 3.5¢/kWh
Natural gas = $3.5/MBtu
No. 5 oil = no value given
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Letter from USAF Academy (10/5/88):

Electricity = 3.76¢/kWh
Natural gas = $2.56/HBtu

No. 5 oil = $0.65/gal = $4.33/MBtu

The gas contrast is interrnptible, but cthe gas supply is rarely

interrupted.

COAL PROPERTIES AND PRICES

Origin

HHV, Bru/lb

X Ash

% Sulfur

X Nitrogen
Ash-softening temperature, °F
Swelling index

Top size, in.

Bottom size, in.
Fines, X

Grindability index
Cost at mine, $/ton
Delivered cost, §$/ton
Energy cost, 3/106 Btu

ENVIRONMENTAL REGULATIONS

Stoker

ROM

Axial, Colo.
11,000

4.3

0,42

1.39

2300

0

11/2

3/8

50
22
32
1.45

Axial, Colo.
10,700
4.9
0.36
1.39
2300

0

2

0
10-15
50

15

25
1.17

6.1 Air Pollution Emission Limits for New Sources

0.
>100 MBtu/h:

No emission limits for boilers <100 MBtu/hy for hsilers
FBC ~ 90X reduction to meet limit of 1.2 1b/

HBtu; emerging technology — 50X reduction to meet limit of

0.6 1b/MBtu.

NO, .

NO,. No emission limits for boilers <100 MBtu/h; for boilers

>100 MBtu/h:
Coal - 007 lb/HBtu.

Psziiculates.

6.2 Coal-Pile Runoff

Limit:

For boilers >100 MBr

Total suspended solids - 50 mg/L.

spreader stoker and FBC — 0.6 Lb/MBtu; pulverized

1,05 1b/MBtu.
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6.3 Ash Disposal

Ashes may be disposed of in special disposal sites owned by
private contractors with a permit called "Certificate of Desig-
nation."

OTHER CONSIDERATIONS

Heat planc No. 2560 is capable of producing 425 psig hot water but
operates at about 185 psig. The design pressure for heat plant
No. 8026 is 275 psig.

COAL~CONVERSION PROJECT CUTLOOK

A coal rvefit/replacement project would involve the 80-MBtu/h output
(~100-MBtu/h fuel input) unit in plant No. 2560. The overall capac-
ity factor for a project of this size is estimated to be 58%,
assuming 90X availability,

8.1 Effect of Environmental Regulations on Selection of Combustion
Technologies

S0, and NOy. Any of the combustion technologies being consid-
ered could be employed without requiring any measures for NO,

or SO, reduction since the proposed conversion project is
smaller than 100 MBtu/h.

Particulates. Bag filters or electrostatic precipitators would
be required to comply with the particulate emission limits.

8.2 Physical Space and Aesthetics

Heating Plant. The existing boiler plant was originally
designed for No. 5 oil. There is only space available for
installing coal-water-mixture combustion equipment at the
existing boiler or for construction of a new boiler at another
site on base.

Coal-Handling Equipment. There is no space available for
installing dry coal-handling equipment at the existing boiler
plant, but there is enough space for installing coal-water-
mixture equipment.

Coal Pile. There is no space available for a coal pile at the
existing boiler plant, but there is space at another site on
base for a coal pile and a new coal-fired boiler.
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8.3 Technical Risk of Combustion Technologies

The existing boilers are designed for No. 5 oil or gas firing.
The technicai risk is fairly high because of limited experience
of ccal-water-mixture firing of No. 5 oil-designed boilers.

COGENERATION PROJECT OUTLOOK

Cogeneration would probably not be economical at this base because
of the low electric powver rates.
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10, INPUT AND LCC SIMMARY SPREADSHEETS

. t "~ \/
Total stean output = 80,0 Btu/hr
Boiler capacity factor = ,580
Nusher of unita for refit = 1

Hydzated lime price(5/ton) = 40,00 COAL FROPERTIES
Ash disposal price (§/ton) = 10,00 R.O.H, 3Stoker
Electric price (cents/kkh) »~ 3.60 Ash Lraction = ,049 043
Labor xate (kiyr) = 35,00 Sulfur fLraction = ,004 L004
Lizestone price (§/ton) = 20,00 HHY (Btu/ldb) = 10700, 11000,
) FUEL PRICES FUEL yRICIS
Natural gas price (5/MBtu) = 2,38 R.O.M, coal ($/MBtu) » 1,17
#2 OLL price (S/MBtu) = ,00 Steker coal (S/MBRu) = 1,45
#8 OLL price (8/tBtu) » 3,67 Coal/H20 mix (8/MBtu) = 3.00
OPTIONS Coal/oll mix ($/MBtu) = 3,50
Soot blower multiplier = 1,0
Tube bank mod suitiplier ~ 1,0 Primary fuel is 3
Sottom ash pit multiplier = 1,0 SATURAL GAS
502 control eultiplier » 0 1=46 011, 2=42 Ol1, 3~NG
LIMESTONE/LIME

Inert fzacticn = .05

ECONOMIC PARAMETIRS
Inflation & discounting base year = 1988
Gen infla index (1087 to base yr) = 1,040
Gas infla index (1988 to base yr) = 1,000
011 infla index (1988 to base yr) = 1,000
Coal infla index (1088 to base yr) = 1,000
Project start year =« 1490
Project life (yr) ~ 30
Depreciation life (yr) = 15
General inflatlion rate (I/yr) = 0
Iype of gas escalation = egas
Type of oil escelation = eoll
Type of cosl escalation = acoal
Discount xate (I/yr) = 10
Rate of return on invest (X/yx) = 17
Amount of working capital (month) = 2
Fedezal income tax rate (X) = 34
Local prop tax (& insur) rate (X) = 2

REA] ALATION b4
TYPE OF FUEL 1988 1990 1095 2000 AND
FUEL ESCALATION -1990 ~1985 =2000 BEYOND
Gas ezas 3.88 8.87 5.77 5.77
ol (1188 4,86 7.87 4,16 4.16
Coal scoal 1.16 2,21 1.18 .19

10:57 AM Oct 24, 1988
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Total ateam output = §0,0 MAtu/hr
Bollax cspacity factor = 582
Number of units for refit = 1

[ Y,
Cost base year = 1088
Priwary fusl = KATURAL GAS

—ANNUAL COSTS
# TFUEL/ TUIL TOTAL MAINT OINER
OF STEAM PFRICE CAPITAL FUEL O&H OAM
JECHNOLOGY _UNITS EFF . S/MBty x$ x3 x$ k3
Natuzsl gas hollex == ,800 2,50 .0 1360,7  214,2 522.7
#2 04} fixed boller - ,800 .00 0 .0 0 .0
25 011 f£ired holiler == 00C 3,67 0 1884,7 214.2 322.7
Micronized coal refit 1,800 1,17 460.2 504,53 436.9 8902.0
Slagging burner regit 1 (800 1,17 5051.8 504,35 436.9 692.0
Modular FIC xefit 1,700 1.17 6328.8 602.0 415.0 875.1
Stoker firing refit 1 .760 1,45 Js1s.8  775.5 415.0 865.0
Cosl/uater slurry 1 .75 3,00 3552.0 i625,8 415.0 587.8
Coal/oi) slurry 1 .780 3,30 2096,5 182).9 330.58 560.8
Low Nty gasifier xefit 2 8729 1,438 £669.1 1. 0%-] 202.% 201.1
Packaged shell stoker 2 .760 1.43 5720,5 775,35 415,0 7682.4
Packsged shell FAC 2 .180 1,17 7205.4  625.7 4L15.0 773.0
Fleld erected atoker 1 .800 1.45 8463.7 738,27 412,5 656.6
Fleld srected FAC 1,800 1.17 0561,0 394.3 482,0 §75.0
Pulverit d coal boiler 1 .820 1.17 10107.7 580.0 487.0 708.6
Clrculating FRC 1,810 1,17 _11573.8 387,1 12,3 34,1
AIR FORCE PROJECT ~—PRIVATE PROJECT
LIFE LIFE
CYCLE CYCLE
COST, DISCOUNTED COST,
COAL DISCOUNTED BENEFIT/ TAYBACK DISCOUNTED BENEFIT/
¢ OF USE, AS SPENT COST PERIOD, AS SPENT cosT
JECHNOLOGY UNITS tonlyr . x$ RATIO ¥ x$ RATIQ
Netural gas boilas - - 28,827 1.000 <-== Existing system, primary fuel
#2 Oi1 Zired boiler - - ] -
28 Oi1 fired boiler == == 34,380 .-

Micronixzed coal refit
Slagging burmer refit
Modular F3C refit
Stoker firing refit
Coal/water slucry
Coal/oil slurry

Packaged shell stoker
Packaged shell FBC
Field erected stoker
Field erected FBC
Pulverized coal boller

Not applicable because of space limitations
Not applicable because of space limitations
Not applicable because of space limitations

Not applicable because existing boiler was designed for #5 oil

1 25,325 26,416 1,081 22.7 28,892 998
Not evaluated
Low Bty gesifier xefit Not spplicable becouse of space limitations

2 24,310 21,623 1,333 13.3 25,020 1,152
2 24,992 21,534 1,339 13.9 25,651 1.124
1 23,005 22,847 1.262 16.4 27,710 1.040
1 23,742 23,024 1,252 17.1 28,329 1,018
1 23,163 23,632 1.220 18.3 29,220 .987
1 23,448 24,460 1,179 20,1 30,786 936

Circulating FBC
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0
Total steam ocutput = 80.0
Boller capacity factor = 580
Nucher of units for xefit = 1
Hydrated lime pricet5/ton) = 40.00
Ash disposal price (8/ton) = 10,00
Eiectzic price (cents/k¥h) « 3,60
Labor rata (k$/yrc) = 35.00
Limestone price (S/ton) = 20,00
YUEL FRICES
Natural gas price (5/H3tu) ~
#2 Ol price (S/iBtu) =
#6 Oil price (8/HB3tu) =
OPTIONS
Soot blowsr multiplier »
Tube bank mod multiplier =
Bottom ash pit sultiplier =
502 control multiplier =
LIMESTONE /LIME
Inert fzaction =

143

.58
.00
.67

1.0
1.0
1.0
.0

.03

ECOMOMIC PARAMETERS
Inflation & discounting base year
Gen infla index (1987 to bass yr)
Gas infla index (1088 to base yr)
011 infle index (1988 to bLase yr)
Coal infla index (1988 to base yr)
Project start year
Project Llife (yr)
Depreciation life (yr)
General inflation rate (X/yr)
Type of zas escalation
Type of oil escalation
Type of coal escalation
Discount rate (X/yr)
Rate of return on invest (X/yr)
Avount of working capital (month)
Federal income tax rat2 (I)
Local prop tax (& insur) rate ()

228

. L )4
Hitu/he
COAL TROPIRTIES
R.Q.H, Stoker
Ash Lraction = 049 043
Sulfur fraction = ,004 004
HUV (Btu/lb) = 10700. 11000,

FUEL FRICES
R.0.H. coal (S/HBtu) = 1,17
Stoker coal (3/MBtu) = 1,43
Coal/H20 mix (8/MBtu) = 3,00
Coal/oll aix (S5/MBtu) = J.50

Primary fuel is 3
NATURAL G&3
1=48 Of1, 2=42 Of1, 3I=NG

1088
1,040
1.000
1,000
1,000
1990
30

15

egas
eoil
acoal
10

17

34

REAY, ESCALATION RATE (X/yr)

TYPE OF FUEL 1988 1880 1995 2000 AND
UEL ESCALATION =1980 ~1995 -2000 BEYOND
Gas egas 2.28 4£.70 5.49 2,75
oil soil .17 4,16 5.55 2,77
Coal. ecosl 1.46 1.76 1.61 .81
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. h [ i
Total stesn ocutput *» 80,0 Mitu/hr Cost hase year = 1088
Botler capacity factor =~ 330 Pzimary fuel » NATURAL GAS

Nueder of units for refit =}

e ANNUAL COSTS
¢ FUEL/ FUEL TOTAL MAINT OTRER
OF SYEAM FRICE  CAPITAL  FUEL oO&N oO&H
JECHNOLOGY UNITS __ETF  S/MBwy X3 x3 x$ X3
Natural gas hollex == 300 2.3% .0 1308.7 214,2 522,7
#2 011 fired boller == ,800 .00 .0 .0 .0 0
46 0t1 fired boiler =~ 000 367 .0 1864, 214,32 22.2

Micronized coal zefit 1 .800 1.17 60,2 3048 6.9 692,0

Slagging burner xefit 1,800 1.17 5951,8 3943 438.8 692.0

Hodular FBC refit 1 .780 127 6828,9 602.0 413.0 675.1

Stoker firing refit 1 760 1.43 3815.8  773.5 413.0 665.0

Coal/water slurry 1 .7250 300 3552,0  1625.9 5.0 587.8

Coal/oll slucry 1 .780 J.30 2008.5 1823,0 330,85 560.6
w B ga [ 81 A &858 as 0

Packaged shell stoker 2,260 1,43 3720, 7713.5 415.0 762.4
Packsged akell FEC 2 .60 1.17 7205,4  625.7 415.0 793.0
Fleld exected atdker 1 800 1.45 8863,7 238.7 412,35 656.6
Fleld erected FEC 1 .800 1,17 09561.0 504,35 482.0 875.0
Pulverized coal boller 1 ,820 1.17 10102,7 3580.0 487.0 706,8
Circulsting FBC 1,810 _1.17 1157%.8 S87.% 412.8 7341
AIR _FORGE PROJECT PRIVATIE PROJECT
LIFE LIFE
CcYCLE CYCLE
CosT, DISCOUNTED COST,
COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/
¢ OF USE, AS SPENT COoST PERIOD, AS SPENT COS5T
TECHROLOGY UNITS ton/yr xS RAT]O YE x$ RATIO
Natural sas boiler e - 22,246 1.000 <=== Existing system, primary fuel
#2 0Ll fired boller - - 0 -
£6 O11 fired boller ket - 27,897 ==

Micronized coal zefit Not applicable baecause of space limitstions
Slagging burner refit Not applicable because of space limitations

Modular FBC refit Hot applicable because of space limitations

Stoker firing refit Not opplicable because existing boiler was designed for #5 oil
Coal/water slurry 1 25,325 26,157 .850 >31 28,627 777
Coal/oll slurry Not evaluated

Low Btu gasifier refit Hot applicable because of space limitations

Packaged shell stoker 2 24,310 21,500 1,035 24,7 24,893 894
Packaged shell FBC 2 24,992 21,435 1,038 24,8 25,548 871
Field erected stoker 1 23,005 22,730 .979 >31 27,588 .806
Fisld erected FBC 1 23,742 22,929 .970 >31 28,232 .788
Pulverized coal boiler 1 23,163 23,540 L945 >31 29,125 764
Circulating FBC 1 23,449 24,366 L9813 >31 30,690 723
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: 80 g
Tatasl atess output = 86,0
Boller capacity factor » ,3580
Nusbier of units for xeflit = }
Hydzated lime pzice(S/ton) = 40,00
Ash disposal price (§/ten) = 10,00
Electzlc price (cents/kWh) = 3.6
Labor rate (kS/yr) = 35.00
Lizestone price (5/ton) = 20.00
FUEL raicks
Natuzal gas price (8/M3tu) = 2,36
#2 OlL price ($/t8tu) = .00
#6 011 price (5/MBtu) = 3.67
orrions
Soot blower multiplier = 1,0
Tube bark mod saltiplier = 1.0
Bottom ash pit sultiplier = 1,0
S02 control multipiier = ,0
LIMESTORE/LIMK
Inext fraction » ,05

ECONOMIC PASAMETIRS
Inflation & discouniing base yesr =
Gen infls index (1987 to base yr) =
Gas infls index (1988 to base yr) =
01l infls index (1983 to base yr) w
Coal infla index (1988 to base yr) =
Project atart yesr =
Project life (yr) =
Depraclstion life (yr) =
Genezal inflation rate (X/yg) =
Type of gas escalation =
Type of o)l escalation =
Type of coal eucalation =
Discount rate (X/yz) =
Rate of return on invest (I/yr) =
Amount of working capital (month) =
Federal income tax rate (%) w
Local prop tax (& insur) rate (%) =

230

N!Lu/ﬁt

COAL PROPERTILS

KoM,

Ash fraction ~ ,049
Sulfur Lraction = ,004

HHV (Btu/lb) - 10700.

FUIL Mmicrs
R.O.M, coel (S/MBtu) = 1.17
Stoker cosl (8/MBtu) « 1.45
Coal/HZ0 mix (5/MBtu) « 3,00
Coal/oll mix (S/MAtu) = 3,50

Primary tuel ix 3
NATURAL GAS
1~¢6 011, 292 011, 3=}G

Y1 1}
1.040
1,000
1,000
1,000
1890

4
2

REAL _ESCALATION RATE (2/yr)

TYPE OF FUEL 1988 1990 1995 2000 AND
FUEL ESCALATION -109C =199s ~2000 BEYOND
Gas zero 0 0 0 0
0il zex0 0 0 0 0
Coal zor0 0 0 0 0
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VSAT ACADRMY: 1 X 90 Mtu/hr, FURL REAL EICALATION - I130
Total steam outjul = 83,0 Mizu/hr Cast base year = 1048
Boller capacity factor = 340 Primary fuel = NATURAL GAS

Nusher of units for zefit « )

AMNUAL CORTS

¢+ WL/ FUEL TOTAL HAINT  OTHER
QF STEAM FRICE CAPITAL  FUIL O&H O&MNM

IECHMOLOGY . UMIYS KPP MMMBew k3 k3 kP X§

Natursl gas holler == 800 2,56 .0 1300.7  214,2 $12.7
#2 011 fired bdoller == 800 .00 .0 .0 .0 N
- 2? 4,7 & 7

Micronixzed coal regit 1 800 1,17 J489,2  504.3 436.9 682.0
Slagging bummer zefit 1 800 1,17 395L.6 504,58 436.0 602.,0
Hodular FBC zefit 1 .780 1,07 6828.0 €02.0 415.0 675.1
Stoker firing refit 1 760 1.45 Mms.8 75,8 415,0 665.0
Coal/water slurry 1 750 3.00 3552.0 1625.0 413.0 587.8
Coal/ol) slurcy 1 .780 .30 2986,5 1823, 330,85 360,86

Low Bty gapifier vofit 2 870 1,43 $668,1  088.5 382.8 001.1

Packaged shell stoker 2 780 1,43 5120.8 775.5 415.0 762.4
Packaged shell FXC 2 W60 1.7 7208.4  828.7 415.0 773.0
Tield erected atoker 1,800 1.48 2663.7 738.7 2.3 656,38
Fleld erected FXC 1 .00 137 9561.0 594.5 482,0 675.0
Pulverized coal boiler ) .820 1,17 10107.7 580.0 487.0 708.8
L. . bi 7 ? 4 734

AR TORCE TROJECT . __FRIVATE PROJECT .

LIFE LIFE

CYCLE CYCLE

COST, DISCOURTED cos?T,

COAL DISCOUNTED DRENEFIT/ PAYBACK DISCOUNTED RBENEFIT/
¢ OF USE, AS SPENT COST PERIOD, AS SPENT COST

JECRNOLOGY UNITS ton/yr X3 RATIO YL X3 RATIO
Natuzal gas boller - - 16,122 1,000 <=== Existing system, primary fuel
#2 OlL fired boiler -- - 0 -
46 Of) fired boiler == -- _20,513 -
Hicronized coal refit Not applicable because of space limitations
Slagging burner refit Not upplicable because of space limitations
Hodular FBC refit Not applicable because of space limitations
Stoker firing refit Not applicable because existing boiler was designed for #5 oil
Coal/water slurry 1 25,325 23,893 875 >3 26,298 .613
Coal/oil slurry Not evaluated
Low Btu gasifier refit Not applicable because of space limitations
Packaged shell stoker 2 24,310 20,420 .780 >31 23,782 .678
Packaged shell FAC 2 24,892 20,563 784 >31 24,652 .654
Fleld erected stoker 1 23,085 21,703 . 743 >31 26,534 .608
Field eracted FBC 1 23,742 22,101 .729 >31 27,380 .589
Pulverized coal boiler 1 23,163 22,732 .709 >3 28,285 .570
Circulating FBC 1 23,449 23,548 .685 >31 29,849 . 540
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